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HOW EGYPT'S SCARCITY OF WATER IS OVERCOME. 


BY THE ENGLISH 


Despite the widespread advantages that have been 
bestowed upon Egypt by the construction of the huge 
barrages at Aswan and Asyut on the Nile, and the 
stimulating effect by the resultant regula- 
tion of the Nile. flood thereby upon the agricultural 
districts, the work of the Irrigation Department of the 
government has been sorely taxed by the several poor 
of the river that have prevailed during recent 
One result of this scarcity of water has been 


imparted 


floods 
years. 
the impossibility of supplying sufficient water for the 
the Keneh Egypt, the 
fact falling necessary for the 
the whole of the Under 
was entirely at 


province in Upper 
that 
available 
circumstances this fertile belt 
the Nile flood, and the crops were conse- 
constant the 


basins of 
supply in below 
irrigation of land. 
these 
the mercy of 
quently in 
tainty of the supply 

In order to remedy this unsatisfactory 
affairs, Mr. A. L. Webb, C.M.G., the Under Secretary 
of State for Irrigation, made a detailed survey of the 
river and the various methods by means of which the 
irrigation of the Keneh might be 
irrespective of the level of the Nile flood. As a_result 


jeopardy, owing to uncer- 


state of 


basins insured, 


he suggested that a third barrage similar to those 
already in existence at Aswan and Asyut should be 
thrown across the Niie at Isna; since with such a 


structure equipped with suitable regulating gates, the 
heightened, and as a 
the made to flow in sufficient volume 
through the feeder the Keneh 
province. The scheme was supported by Sir William 
Garstin, K.C.M.G., the well-known irrigation authority 
and adviser to the Egyptian government on engineer- 


flood level could be artificially 


result, water 


network of canals in 


CORRESPONDENT OF THE SCIENTIFIC AMERICAN. 


ing projects, and it was decided to carry out the work 
forthwith. The designs were completed, and the 
Egyptian government gave the contract for the under- 
taking to Sir John Aird & Co., who carried out the 
Aswan and Asyut irrigation works, toward the end of 
1905. It was estimated thatthe enterprise would 
occupy four years to complete, and as it is now well 
in hand, there appears to be every possibility of the 
scheme being fulfilled within the contemplated period. 
The work is in the hands of Mr. M. Macdonald, acting 
as superintending engineer, to whose courtesy we are 
indebted for the accompanying illustrations and de- 
tails, assisted by Mr. E. H. Lloyd as resident engineer. 

Isna is a small town on the Nile about 300 miles 
south of Cairo, and the barrage is being built upon a 
site immediately north of the town. In design it is 
very similar to that at constructed in 1901. 
It will comprise an open weir of 120 openings, each 
measuring 16 feet 4% inches wide, with abutment 
piers 13 feet 1% inches thick at every tenth opening, 
while the intermediate piers are 6 feet 4% inches 
thick. The piers are to be spanned by arches carrying 
a roadway 6 feet 4% inches wide. 

The flow of the water through the sluices will be 
controlled by roller gates, one upper and one lower, 
to each opening. Double grooves are to be provided, 
so as to allow both gates to be dropped onto the floor 
when necessary. It will thus be seen that the upper 
gate will act as a weir with a movable crest. On the 
western side of the barrage a lock is to be provided 
having a clear width of 52 feet 6 inches by 262 feet 
6 inches in length, capable of passing the largest 
steamers that ply on the Nile. The whole of the sluice 


Asyut, 


and lock gates together with the operating gear is 

be supplied by Messrs. Ransomes & Rapier, who we 
responsible for the whole of the steel and iron wor 
for the Aswan and Asyut barrages upon their wel 
known system, Sir John Aird & Co. carrying out the 
whole of the masonry work as before. 

During the first year after the signing of the cop 
tract, a considerable quantity of material and play 
was hurried to the site, in order to permit constru 
tion to be commenced at the beginning of the ensuing 
low Nile season, while extensive temporary building 
were laid down for the staff and workmen, which a 
in the previous instances are native under the supen 
intendence of white engineers, together with hosp} 
tals and so forth. 

At the beginning of December work was commencej 
upon the excavation of the foundations for the east 
abutment, while about the same time sadds for closing 
the river on the western bank were started. Work 
was continued until the approach of the river flood 
in the following August, by which time the masonry 
of the lock and about one-half of the flooring wer: 
completed. Operations were again resumed at the 
beginning of last December, and it is expected that 
during the present low Nile season the whole of the 
flooring will be laid. 

The completion of this third barrage, which is esti 
mated to cost $5,000,000, will remove once and for 
all the existing uncertainty concerning the adequate 
supply of water for the Keneh basin, and all anxiety 
respecting the safety of the crops. It will also stimu 
late agriculture in the province and bring further pros 
perity ‘to Upper Egypt. 


POWER ESTIMATING FOR TURBINE STEAMERS. 


HOW THE NEW PROBLEMS ARE SOLVED. 


Turre is one great feature about the adoption of 


marine turbines, which is that they have made naval 


architects and marine engineers think on new lines 


Empirical methods of design, and a discreet copying 
of the last similar job, sufficed for the vast majority 
of work done for the mercantile marine when the 


comparatively slow-running engine and propeller were 


adopted. In their case the margins were large in all 
directions; the 
near its breaking-down point, the link motion enabled 


propeller was—generally—nowhere 


a greater mean pressure to be used if the required 
power was more than the estimate, analyses of com- 
ponent losses were almost invariably ignored, and, 


with one or two exceptions, shipbuilders were content 
to trust the everything thereon. 
Consequently vital undisturbed for 


indicates, and base 
variables remained 
want of investigation that the 
forced, and lest anyone should be unduly assisted by 
the predecessors, 
have arranged that this 
with indicated horse-power and speed should also ex- 
tend to the stokehold, and that the coal consumption 
should be measured while the water evaporated—and 
as well should be left unde- 
arose a term—pounds 
herse-power hour—that, while 
experience with innumerable 
was absolutely useless for scientific comparison of re- 
For the are much con- 
with the boiler end of estimating as with the 
For up-to-date fast steam- 


turbine has since en- 


work of his Providence seems to 


carefully casual satisfaction 


hence the boiler efficiency 


termined. Consequently there 
of coal 


based on 


per indicated 


good vessels, 


sults. moment we not so 
cerned 
term indicated horse-power. 
ers it is as useless as nominal horse-power, as Kirk’s 
Rankin’s augmented method— 
excellent as they may have been in their day. Times 
change, and what we have to face now is the prob- 
lem of foretelling the effective thrust needed to pro- 
pel a hull of given dimensions at a given speed. The 
term that marine engineers will not only have to get 
into the way of using, but also of estimating, will be 
effective horse-power, and indicated horse-power. 
Now, the required to propel a 
given hull has to overcome the (1) frictional resist- 
ance of the hull; (2) the wave-making resistance; (3) 
the eddy resistance. The first of these can be calcu- 
lated with considerable accuracy, though it is cus- 
tomary, by taking a higher value for the coefficient 
of friction than that originally found by Froude, to 
include eddy resistance with it, owing to the impossi- 


analysis or surface 


not 
horse-power actually 





bility of separately determining the resistance due to 
this Wave-making is hard to de- 
termine without a tank, though some empirical coeffi- 
that give a close approximation for 
certain vessel, and careful analytical esti- 
mates from similar ships help us to determine the per- 
centage of the total that it represents. In the case of 
when the resistance of the model has 
been determined, the effective horse-power is first 
calculated and the probable indicated horse-power ar- 
rived at by means of propulsive coefficients made up 
as follows: About 5 per cent is added to the E. H. P. 
of the naked hull for resistance due to appendages— 
rudder, shaft brackets, the figure 
thus found is multiplied by about 1 for engine 
efficiency, and about 1/0.65 for propeller efficiency, and 
by a very small corrective for hull efficiency—that is, 
for the difference between wake gain and thrust aug- 
the action of the screw. The net 
E.H.P. 
result is that the ratio of - — 
L.H.P. 
but varies very For most vessels the 
value is between 48 per cent and 56 per cent at full 
speed, but instances of greater and lesser values could 
be quoted. It is an interesting question as to 
accurate tank horse-power is. Models of the 
same ship tried in different tanks give amazingly 
variable results, but with care and experience the re- 
sistance can be determined very closely. 
for the moment the analysis of power 
from the engine end. The indicated horse-power as 
given by the indicator is considerably in excess of 
that delivered to the propeller boss on account of fric- 
tion in the moving parts. Until the genesis of the 
torsion-meter about four years ago it was very difficult 
to say what this loss was, as the testing of large ma- 
rine engines against a brake was prohibitively costly. 
It was generally assumed—largely on the basis of 
trials of land engines against brakes or generators— 
to vary from 1. to 16 per cent, and it came as a con- 
siderable surprise to many when the Vulcan Company 
proved the mechanical efficiency of the main engines 
of the “Kaiser Wilhelm II.” to be as high as 94 per 
cent in service. Even assuming the accuracy of tank 
trials, it was therefore impossible to determine pro- 
peller efficiency correctly owing to the uncertainty 
as to the power actually delivered to the screw. Now 


cause. resistance 


cients do exist 


types of 
naked 


tanks, 


ete.—and 
0.85 


bossing, 


mentation due to 
is about 50 per cent, 
considerably. 


easily 
how 


Consider 





that this can be done with comparative accuracy, it 
is so far only attempted on turbine steamers, and we 
find ourselves in the position of gradually commence 
ing to accumulate isolated facts on the subject, but 
without any means of comparing them with recipro 
cating practice, as torsion meters are very rarely ap 
plied to piston engines. When, therefore, it becomes 
necessary to estimate the power required for a tur 
bine steamer, and consequently revolutions of shafts, 
weight of turbines, etc., there is no guide established 
yet by past practice enabling us to decide exactly 
what brake horse-power is required. If a tank is 
available, or rather if a store of tank data is at hand 
to estimate from, the matter is simplified at once 
If not, the procedure is guesswork. An Admiralty 
coefficient for indicated horse-power is taken as if pis 
ton engines were to be used, and an equally approxi- 
mate propulsive coefficient is assumed in order to ar 
rive at the E. H. P. Consequently we find some cases 
of large margins, and others cut very fine indeed. 
With the improvement in steamship performance 
the value of the coefficient should be rising in ships 
of all types; but as far as turbine steamers are con 
cerned, there is now no indicated horse-power, and 
hence no trustworthy coefficient. The solution seems 
to be to substitute E. H. P. for I. H. P. wherever it 
can be done. It applies equally to both types of er 
gine, and obviates the inclusion of undetermined 
losses in important estimates. The known propul- 
sive efficiencies can be used, but the absolute values 
will change. Unless some step like this is taken, and 
a new series of values compiled for a most useful 
formula, we are afraid that for all fast steamers its 
use and value for power estimating will rapidly wane. 
The same arguments apply equally well to the propor- 
tions of boilers, to fuel consumption or relative 
weights; but at the present time we are in a transi 
tory state on this question, and it is by no means easy 
to chang? over from the old-fashioned symbols.—The 
Engineer. 


Artificial Stone says The Engineer, is made by mix- 
ing the cement, sand, water, etc., at a temperature of 
about 39 deg. Fah. The mixture is kept under com- 
pression until it has set, the temperature being at the 
same time decreased to 32 deg. Fah., or lower, where- 
by the expansion of the water in falling thronzi: this 
range of temperature increases the compression. 
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A COMPARISON OF COSTS. 


ALTERNATING-CURRENT—4irect-current and the single- 
phase alternating-current certain 
tures in common, and others differing, which may be 


systems have fea- 


priefly stated as follows: 
Each have a station, which in the 


former will generate three-phase currents delivered to 


must central 
step-up transformers to raise the voltage of the trans- 
required degree, while in the 
single-phase currents will be generated at a 
potential, and likewise stepped-up for trans- 


mission lines to any 
latter, 


practical 


missio! Assuming equal kilowatt outputs, the gen- 
erating part of the three-phase system will be cheaper 
than that of the single-phase, because o° the higher 
weight-efficiency of the polyphase apparatus; but the 
switching devices will be somewhat more costly, while 
the transformers will cost about the same, with the 
net result that the cost of installation per kilowatt, 
and with equal conditions in the matter of speed, re- 
liability. and efficiency, will be somewhat less for the 
polyphese than for the single-phase equipment. 

The transmission lines, especially where provision is 
made r duplicate or reserve circuits, may for the 
purpos' of this general comparison be roughly consid- 
ered as of equal cost. 

Sub-s'ation transformers must be provided on each 
system’ to lower the transmission to the operating or 
transfo: ming voltages. There will be approximately 
an equality in these features. 

Just here is a line of departure, the transformed 


curren! in the alternating-current—direct-current sys- 


tem being passed through synchronous converters, and 
deliver: to either an overhead trolley or a third-rail, 
assuming for this purpose the latter, while in the sin- 
gle-ph system it is delivered to an overhead trolley. 
The converters and the necessary housing and switch- 
ing ap) iratus is an excess cost chargeable to the older 
syste! 

We come now to the working conductors of the two 
systen The third-rail, which is prohibitive to the 
alterna'ing-current system, cannot be put in except 
on wl may be fairly called a permanent basis, at a 
certain approximate cost per mile of track equipped. 


The overhead trolley for the alternating-current sys- 
tem cin be put in on either of two plans, one more 
or le tentative and temporary, using wooden poles 
and wire suspensions; the other, which is practically 
the only way affording reasonable permanence, with 
steel poles or bridge supports. Under this latter con- 


dition of permanence, the cost of such an overhead 


system per mile of track will run fully as high, and 
in many eases higher than the cost of the third-rail 
installation. 

The costs of section houses, circuit breakers, and 


automatic apparatus will be quite as much with an 
everhead system as with the third-rail. 
Tracks in either case must be bonded, more heavily 


and hence at greater expense for the direct current 
than for the alternating, but the difference will often 
be met by features connected with the overhead sys- 
tem, such as extra cost of piers, pull-offs, columns, 


changes necessary in telegraph and telephone circuits, 
and clearing the right of way from trees. 

The remaining element is the locomotive and motor- 
car equipment; the motors for the direct-current sys- 
tem heing operated on the series-multiple plan, with 
variation and possibly with field shunts, 
for the single-phase alternating-current system, 
where there is the intermediary of a motor- 
generator set, through a secondary or autotransformer 
carried on the car. According to present developments, 
there is here very great difference in the weight and 
cost of apparatus, and in the number of motors neces- 
sary to perform any given.service. Judged from every 
Standard which I have been able to compare, the cost 
of this part of equipment with 25-cycle alternating- 
current motors is so much higher than that with di- 
rect-current motor equipments, that, assuming a rea- 
sonable operating potential on the third-rail, it is cer- 
tainly a debatable question whether the increased cost, 
and cost of operation of the motor-car equipment will 
hot fully offset the cost of the synchronous converters 
and the losses in their operation. 

I have made many comparative analyses, involving 
millions of dollars, and I have found that where equal 
Permanence of installation is provided for, and equal 
ultimate as well as average duty, there is not on 
demonstrated facts a very wide variation in the initial 
cost of plant. 

Ordinarily, the signal systems used on railroads will 
have to be changed at considerable cost. Fortunately, 
methods have been developed which permit the use of 
all the rails for the main return-circuit by using a 
aneratine the 


resistance 
those 


except 


Snecial alternatine-enrrent cirenit far 


flow of the direct current, but resist that of the alter- 
nating signal current. Where the tracks are used for 
alternating-current and are likewise 
the flow of currents, the signals must 
be operated by alternating currents of high frequency 
through apparatus which is inoperative to currents of 


operation, sub- 


ject to direct 


low frequency or continuous currents. 

It would be idle to deny, and I have no wish to be- 
little the good work done and the results achieved in 
the development of the single-phase motor, just as it 
would be equally unwise to ignore what has been done 
in polyphase and direct-current work. The results, 
whatever they are, are facts which must be dealt with 
in a judicial spirit; but facts, not contradictory and 
unwise or unsupportable claims, must eventually guide 
the engineer. No one can deny that if the single-phase 
motor be developed to a high state of weight-efficiency, 
unhandicapped by weight of the collateral 
apparatus necessary on a car to utilize it, and if the 
capacity of conductors, especially steel conductors, for 
alternating currents can by any discovery be raised, 
the elimination of moving machinery in, and the sim- 
plification of sub-stations would open up a very ex- 
tended and important field for the use of this type of 
apparatus. 

But with developménts as they are at present, what 
is the actual field? 
as to methods of construction, so, too, I find no fixed 


excessive 


As there is no general agreement 


conclusions as to the field of commercial usefulness: 


rather, on the contrary the sharpest differences of 


opinion. Some, with enthusiastic catholicity, make it 
all-embracing for steam roads, quite irrespective of 
well-known limitations. Others, although at times 


seemingly contradictory, are even more elastic in their 
claims. 

For example, one engineer says: “It is recognized 
that for heavy railroad where all kinds of 
speeds should be obtained economically, the single- 
phase railway system will undoubtedly show to great 


service, 


advantage compared to any known continuous current 
system.” Again, the authority “While 
suburban work was once thought to be the most impor- 
tant field for the single-phase railway, it now 
become evident that city work, where traffic is very 
congested in parts of the system, will prove to be one 
of the best fields.” Another affirms: ‘Interurban elec- 
trie traction work is the peculiar field of the alternat- 
this the statement: 


same states: 


has 


ing-current system,” but adds to 


“When stops are few, the advantage of the alternating- 


current system is not so greatly marked. In _ short 
runs, the alternating-current system can have the 
greater advantage.” 

It has even been stated that for such services as 


that on our elevated and underground rapid transit 
roads, with their congested train movements, quick 
accelerations, high schedules and limited clearances, 


the single-phase alternating-current motor would find 
a fruitful field. It would, but the fruit would be some- 
bitter. 

It seems to me that the principal 
usefulness of the single-phase system is on roads of 
considerable extent which irregular and 
sparse traffic, and where only a moderately expensive, 
may be called a second-class overhead con- 

which will keep down the ratio of line 
that of the balance of equipment, is 
tolerable. As one departs from this condition, adopts 
more permanent construction, and faces the problems 
of denser traffics and higher capacities, the advantages 


what 
present field of 
operate an 


or what 
struction, 
investment to 


of the single-phase system will disappear, and the 
superiority of the direct-current equipment, with such 
improvements as are in sight, become manifest. But 


whatever may be the future of single-phase operation 
under the conditions stated, any present claim for it 
as the preferable equipment for congested service de- 
manding high schedules and great not 
worth a moment’s thought, for in this field, at least, 
it cannot touch the direct-current s\stem. 

Without individual comment, I quote from the pre- 
face of the recent work by Messrs. Parshall and Ho- 
bart, “Electric Railway Engineering,’ the following 
interesting expression of opinion: “In our judgment, 
the limitation of the alternating-current motor is 
fixed, in its relation of energy output to weight, by the 
inherent properties of single-phase commutator appa- 
ratus, and the limitation of the continuous-current 
motor will be determined by the maximum safe volt- 
age at which a commutating machine can be worked. 
While the development of each class of machine has 
advanced beyond the point that could reasonably have 
been foreseen, and while it is impossible at the pres- 


capacity is 


ent time to predict where the limitations will be 
rearhodA we avn anticRsaA 44-4 - °.y n of 
the 
‘rent 


engi- 





neers are 
Feeling 


not omniscient, or immune from mistakes. 
strongly and speaking confidently of 
things in which we believe, it is not unreasonable to 
assume that the great diversity of 
often emphasized by 


those 
opinion which 
individual 
along specific lines, reinforced by 


exists, experience 
knowledge of what 
has been accomplished in other directions, and influ- 
enced by such personal bias as we are all subject to, 
emphasizes the necessity of the utmost development in 
every direction; and the probability, certainty, 
that there is at present no single system which can 
as best for all purposes, but that 
a wide and increasing use of each will be created, and 
in the majority of cases a compromise selection of the 
best elements of alternating and direct-current 
tice will obtain. 


nay 


be selected rather, 


prac- 


ELECTRIC TRACTION ON PRUSSIAN 
RAILROADS. 


A proJEcT for using electric traction upon all the 
railroads in Prussia has been drawn up by a promin- 


ent engineer, M. Pforr. This would be carried out 
by alternating-current motors mounted on the loco- 
motives. The current tension of 50,000 volts pro 
duced in the central stations would be lowered to 


15,000 volts for the overhead wire by means of trans- 
former posts 
apart. For 

would 
track 5,000 horse-power. 


spaced along at a distance 25 miles 
double track 


8,000 


these transformers 


and 


lines, 
for single 
the 
track 
As to the trolley wi.e, the total cost 
is figured at $168,000,000, and for the feeder 
$42,400,000, giving a total for the line installation of 
$235,400,000. The trains 
tives, but a number equaling only 64 
number will be 
that latter 
the account of 
600-horse-power 


represent horse-pu wer, 
The total 
former posts for 12,500 miles of (single) 
be $25,000,000. 


trans 
would 


cost of 


wires, 


locomo- 
the 


seeing 


are to use electric 


per cent of 
locomotives 
cent of the 
one time on 
electric locomotive 
locomotive of the 
The expense for electric 
$176,000,0000. The 14,770 
now in use on the railroads are valued at $167,000,000. 


of steam 
only 54 


needed, 


per are actually on 


road at any repairs. A 


weighs 46 tons 


and a steam same power (empty) 


62 tons. 
ured at 


locomotives is fig 


steam locomotives 


The generating stations would give current through- 
out the regions for light and power without much 
increasing their capacity. In 1904 the cost of op- 
erating on the Prussian state railroads was $241,- 
000,000. With electric traction, the economy on the 
traction expenses proper and the maintenance would 
be a figure considerable. For the personnel of the 
locomotives, the economy would be $5,000,000. The 


cost of maintenance of electric locomotives is 20 per 
below that of locomotives, whence an 
of $2,000,000. According to M. Bforr, the 
fuel $51,000,000, As there 
added the maintenance of 
the electric wires, the total economy for électrie trac- 
tion would figure about $40,000,000. In 1904, 
were 27.6 billion (long) ton-miles of passenger 
and 52.6 billions of freight the average, 

ing an efficiency of 67 per cent, we need at the central 
station an amount of represented by 50. kilo- 
watt-hours per ton-mile the 

tives are lighter than the steam locomotives, in place 
billion 
only 71 
kilowatt hours at 
hour, $25,500,000 


cent steam 
economy 
economy in 


would be an 


would reach 


expense for 
there 
traffic 
On count 
powel 
Since electric locomo 
would be 
need » billion 
($0.0076) per kilowatt- 
There would thus be an 
annual economy of 40 2514 = 1414 millions with elee- 
tric traction. This would be over five per cent on the 
capital of $240,000,000 


there 


ton-kilometers 
We 


3.82 centimes 


of 75 per year, 





billions. therefore 33: 





costing 


A table is given by C. T. Wilkinson in Power, com- 
piled by R. H. Fernald, of comparative estimated costs 
and gas-power plants for a 
plant in unit, and a plant in 
three units of 2,000 horse-pewer each, using coal at 
2.75 and $2.50 per gross ton. 


of steam 600-horse-power 


one 6,000-horse-power 
In the 600-horse-power 
plant the first cost of gas plant is taken at $48,000. 
and of steam plant at $40,000. The total operating costs 
per annum are, however, $8,102, as against $14,578 
Total operating and fixed are $16,262 and 
$21,378, and the cost per kilowatt-hour (operating 300 
days xX 24 hours) is $1.05 and $1.38. In the larger 
installation first is the same, $420,000, for both 
kinds of plant. Total operating expenses for gas plant, 
$70,375; and for steam, $147,955. Total operating and 
fixed charges, $141,775 and $219,355. Cost per kilowatt- 
hour (operating 365 days < 24 hours), $0.55 and $0.85, 
A load factor of 75 per cent is assumed in the latter 
case, and in the smaller installation one of 75 per 
cent for 10 hours and 331-3 per cent for 14 hours. The 
same quality of coal is assumed for both steam and gas 
plants. 


charges 


cost 
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A NEW BALL WORM GEA 





Frsrvary 8, 1908 


A DEVICE FOR THE DIRECT DRIVING OF AUTOMOBILES. 


THE accompanying sketches show a curious form of 
worm gear recently patented in America and Great 
Britain by Mr. Collier, of London. It was devised 
primarily for the purpose of a direct drive in automo- 
biles, as well as for the purpose of a speed-change 
gear. It will be observed from Fig. 1 that the teeth 
of the worm wheel are steel balls sunk to their equa- 
torial line in cups bored in the body of the wheel. 
The wheel runs in a guard, which prevents the balls 
from leaving their sockets, and in practical work an 
oil-bath container is used. The worm which gears 
with this ball wheel may have any number of threads. 
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Fie. 1.—COLLIER’S BALL WORM GEAR. 








Usually it will be single, double or triple threaded. 
Obviously the contact of the worm and of a: ball can 
only be, at most, along a quadrant of a circle onethe 
diametral plane taken parallel with. the face of the 
worm wheel; that is to say, on the longitudinal center 
line of the worm. 

If the pitch from center to center of adjacent 

threads is always made equal to the distance apart of 
the balls which form the teeth, then any worm, no 
matter what its type, single, double or multiple 
threaded, will gear properly with the ball-tooth gear 
wheel. Thus, while forming a direct drive upon the 
axle, this gear admits of as many changes of speed as 
there are worms upon the worm shaft. 
‘ The worms are made, as shown in Fig. 1, to fit 
around the curvature of the wheel rim. Thus a worm 
may be quite loose on a feather key, yet it will not 
screw itself out of gear as would a plain parallel 
worm. Thus no particular device is needed to coun- 
teract this tendency, though such a one may be me- 
chanically desirable. 

In adapting this gear, which is here shown in the 
crude fogm of the patent drawings, the bearings A 
and B would be put a considerable distance apart and 
there would be a universal joint in the worm shaft 
between the worm and bearing A The bearing B 
would be movable on a slide or on a bar, and so 
arranged that by the movement of a lever the worm > 


shaft would be moved away from the worm wheel 
to such an angle as to disengage the worm. There 
would be three worms, as in Fig. 2, and a second 


movement of the lever would slide the combined three 





BY W. H. BOOTH. 


reduction gear may be interposed between the engine 
and the worm shaft, if desired; but in no case need 
there be any rattling change of toothed gearing. The 
three worms and the engine itself afford all the range 
of speed that can be desired. 

In Fig. 2 A represents the bearing shown at A in 
Fig. 1; K is the universal joint of the worm shaft and 
B is the other bearing. This is movable to allow the 
worm shaft to move to the angle B KN, or sufficient 
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Fie. 4.—A CASING CONTAINING FOUR WORMS. 


to disengage the worm so that it may be slid along the 
spindle to the next speed. Such a combination move- 
ment might well be arranged with a pull-up handle, 
which would then be pushed over a locking quadrant. 
This push would serve to move the worms along their 
shaft. Then when either of the extreme worms was in 
place the lever would have reached a drop-down slot 
in the quadrant and the worm would be dropped into 
gear again. Every designer would have his own 
method cf effecting the two operations with practically 
a single movement. A safe interlocking device, such 
as the idea just outlined, could be easily made. It 
might be thought that the balls, which are not 
guarded by the circular guard, would drop out of their 
pockets when the worms were put out of gear, but this 
is guarded against, as shown in Fig. 3, by the addition 
of little lateral extensions of the wheel rim at each 
ball socket. These little extensions stand above the 
centers of the balls so that they can be closed in upon 
them and prevent their escape. In changing speed 
there is then no danger of the balls jumping out of 
their sockets. The small extension pieces can also be 
closed in as wear takes place. The annular guard 
is not really necessary when these extension pieces are 
fitted. 

In manufacture the threads of the worms are cut 
by a tool or tools fixed on a frame capable of turn- 
ing about an axis, which is located at the same dis- 
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Fias. 2 AND 3.—ARRANGEMENT OF WORM AND BALL-HOLDING DEVICE. 


worms along the shaft; a third movement of possibly 
the same lever would bring the shaft back to its work- 
ing position. 

Thus let us assume a 30-inch wheel at a speed of 
600 revolutions per minute, or say approximately 54 
miles per hour. The worm, if triple threaded, would 
run at 1,800 revolutions per minute, with the 24 balls 
of the illustration, or at 900 revolutions per minute 
if a wheel of 12 balls was employed. With the same 
engine speeds the vehicle speed would drop to 27 and 
to 18 miles per hour, respectively, with the double and 
the single-threaded worms in use. A simple spur- 


tance from the axis of the worm shaft as that of the 
wheel with which it is to be used. The worm and 
tool carrier are suitably rotated and a feed given to 
the tool. The worm is very easily cut either by a 
single tool or by a series of tools. 

But in this connection with the automobile, for 
which this ball worm gear is more particularly de- 
signed, the problem of changing the gear has been 
very much simplified by the inventor. In this design 
he gets rid of the three or four worms on one shaft, 
which require so much longitudinal shifting and 
involve the removal of the worms ,om out of gear 
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when changing speed, and substitutes, for this som focused 
what cumbersome arrangement, a casing which gy compre 
rounds the worm wheel and carries, as shown in retical! 
4, four worm spindles, each holding a worm and p but the 
jecting through the casing. Each terminates ip in the 
clutch end. The casing is made to rotate about ¢ certain 

center of the axle with which it is concentric. It useful 
rotated by means of a lever and gearing connection exceller 
or 180 degrees, in the case of four speeds, for ' adoptec 
for the 

current 
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are: 
change of speed desired. There are as many locking (1) P 
notches on the rim of the casing as there are worm (2) C 
in the case. Thus the case is locked firmly at any (3) E 
worm position. (4) T 
One peculiarity of the ball worm gear is that thm (©) T 
wheel gears equally well with right or left-handed (6) L 
worms. In Fig. 4 there are single, double, and triple (7) L 
threaded right-handed worms for forward running (8) Si 
and there is a single-thread left-handed worm fom there ar 
slow backward running. Thus in one casing thergm °Dtains 
are three running and one reverse speed in this p At fin 
ticular example. There is, however, no objection tym 44! pc 
the use of a different number of worms, save that fourm ‘an the 
appear to be sufficient. power p 
The clutch on the clutch shaft must be slid out dg ‘e scar 
gear before the casing can be rotated. The movgm Velghts 
ment of the clutch is short. This dome, the casing ifm ‘YCle us 
rotated to the desired speed position, locked, and them Pe@ring. 
clutch slipped back into engagement. mon, an 
The arrangement of levers for rotating and locking '° "eplac 
the casing, together with the gears and the locking °° &¢t ri 
gear actuating wedges, are shown clearly in Fig. ig ™ the ¢ 
The whole combination in its most compact form if™ "P the it 
employed for the reversing and speed-changing direct "8 “p 
the cyli 
facilitate 
engines 3 
oa 

Fie. 5.—A REVERSING GEAR. DIAGRA 
drive for automobiles of all descriptions —Americal - 
Machinist. then the 
pm nar ance is 
A contemporary remarks that objection has bee compress! 
made to the drop-by-drop system of oiling on tM nition of 
ground that it tends to niggardliness in the supply “MM and a 1a 
oil, and actually induces waste, since the oil is liabl This ten, 
to be burned and practically useless after going ont creased 1 
through the bearing. For surfaces working under loads. O 
vere conditions the forced oil system may be used “%% high spee 
good advantage, but has the disadvantage of depel engines a 
dence upon a pump. Sufficient 
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~REAN ODORLESS GASOLINE MOTOR. 


A NEW THREE-CYCLE ENGINE. 
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InvenTION follows invention in a very rapid manner. 
The steam engine is now almost perfect, and conse- 
quently the attention of all progressive engineers is 
focused upon the problem of improving the internal 
compression engine. Everyone is aware that theo- 
retically there is still great room for improvement, 
put the high temperatures which have been generated 
in the engine cylinder have been one reason that a 
certain amount of heat has not been converted into 
useful work. Mr. Rollason seems to have hit upon an 
excellent idea for overcoming these difficulties. He has 
adopted tle scavenging system used in gas engines 
for the gasoline motor and has boldly departed from 
current practice in the design of a gasoline engine. 
He has used the six-stroke or three-cycle system in 
place of that four-stroke cycle which was invented by 


Dr. Otto. Mr. Rollason’s invention appealed to certain 
scientific men, and he was encouraged by their opin- 
ions to build an experimental motor and have it thor- 


oughly tested. When we say that Prof. Burstall, of 
the Birmingham University, conducted these tests, our 
readers will be aware at once that they have been 
done in a very thorough manner. We are able here- 
with to give the report of the professor, which appears 
in the November issue of the University of Birming- 
ham Engineering Journal, and which goes to prove 
that there is a very great future for the new invention. 
We are also able to show some diagrams which prove 
conclusively that combustion in the engine cylinder 
is perfect and the covering on the throttle is quite 
practicable. The following details will show the chief 
object which Mr. Rollason has had in mind, and what 
he has already accomplished. The latest invention is 
the six-stroke or three-cycle engine. Its advantages 


are: 
(1) Perfect combustion. 
(2) Consequently greater thermal efficiency. 
(3) Exhaust gases contain no unburnt fuel. 
(4) They are therefore odorless. 
(5) They are also colorless. 
(6) Less lubricating oil is used. 


(7) Less circulating water is required. 

(8) Since 1 and 2 have been proved, it follows that 
there are no poisonous gases in the exhaust, for it 
contains no carbon-monoxide or hydrogen. 

At first sight one would naturally think that for 
equal powers the six-stroke engine would be heavier 
than the four-stroke engine. That is not so. The 
power per working stroke ts found to be increased by 
the scavenging action to such an extent that the 
weights are about equal. The Otto, or four-stroke, 
cycle used until recently is now in danger of disap- 
pearing. Scavenging gas engines are becoming com- 
mon, and now the scavenging petrol engine threatens 
to replace the older type. The object of scavenging is 
to get rid of the hot inert products of combustion left 
in the clearance space, because they dilute and heat 
up the incoming charge on the next stroke. This heat- 
ing up of the charge reduces the weight taken into 
the cylinder, and, upon compression of the charge, 
facilitates pre-ignition; consequently, in non-scavenging 
engines using a highly inflammable spirit like gasoline, 
compression must not be carried too high. If it is, 





DIAGRAM SHOWING ACTION OF GOVERNOR 
IN REDUCING GASOLINE SUPPLY. 


then the heat of the exhaust gases left in the clear- 
ance is increased by the heat generated during the 
compression stroke, and it will produce premature ig- 
nition of the charge. The clearance is therefore larger, 
and a larger proportion of products are left in it. 
This tendency to pre-ignition is aggravated and in- 
creased when such engines are working at heavy 
loads. Owing to the great number of explosions at 
high speeds, and the high temperatures attained, these 
engines are liable to overheating, because there is not 


Sufficient time between the explosions to allow the 


heat to pass. through the cylinder walls into the water 
jackets. 

In order to obtain perfect and complete combustion 
in internal combustion engines, the supply of oxygen 
must be always in excess of the theoretical amount. 
This is especially true in the case of hydro-carbon mix- 
tures, such as we meet with in gasoline engines. When 
it is required to vary the power given out by the non- 
scavenger engine, the air supply is throttled aecord- 
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THE GASOLINE MOTOR. 


ingly, as in most types of engines. As the throttle 
is operated, less air is taken in, but the amount of 
exhaust gases left in the cylinder remains the same, 
so that the proportion of exhaust gases left increases 
with respect to the air supply. Combustion therefore 
becomes difficult. The analysis of the exhaust gases 
under various conditions proves this point. In an 
ordinary 18 to 22 horse-power non-scavenging engine, 
built by one of the leading makers, the percentage of 
carbon-monoxide when running at nearly full load was 
found to be 3.6 per cent. When the car was run on 
the level at less power the proportion of carbon-mon- 
oxide rose to 6.9 per cent. The best running result 
obtained with this engine was given when the exhaust 
contained from 6 to 7 per cent of carbon-monoxide. 
This represents a fair amount of incompletely burned 
fuel. It detracts from the efficiency of the engine; it 
also unnecessarily increases the running costs of the 
machine. In some tests of Prof. Hopkinson on an 
engine made by one of the foremost motor building 
firms, the following results were obtained: The 
analysis of the exhaust gases at one particular load 
showed the proportion of carbon-dioxide, 0.0 per cent; 
oxygen, 0.02 per cent; the unburnt combustible gas is 
0.07 per cent. In this case it is evident that the 
combustion was practically complete, or as near such 
as we can expect to get. Ata stightly higher load the 
proportion of carbon-dioxide was 10.0 per cent. Un- 
burnt combustible gas is now 7.1 per cent. Here the 
combustion was not so perfect. At a still higher power 
the proportion was: Carbon-dioxide, 9.6 per cent; 
carbon-monoxide, 6.25 per cent; hydrogen, 2.6 per cent; 
oxygen, 0.0 per cent. Unburnt combustible gas, 8.8 
per cent. At a yet higher power the proportion was: 
Carbon-dioxide, 6.6 per cent; carbon-monoxide, 11.6 
per cent; hydrogen, 8.7 per cent; oxygen, 0.0 per cent. 
The unburnt combustible gas, 20.3 per cent. The per- 
centage of unburnt combustible gas is the sum of the 
percentages of carbon-monoxide and hydrogen. All 
these tests show that oxygen was deficient in the ex- 
plosive charge taken into the engine. The figures also 
show that as the power of the engine was increased 
the combustion became more and more imperfect and 
incomplete, as shown by the remarkable decrease in 
the proportion of carbon dioxide, and the still more re- 
markable increase in the proportion of both carbon- 
monoxide and hydrogen. Upon reducing the quan- 
tity of gasoline to give an excess of oxygen in the ex- 
haust gases, the power of the engine fell off consider- 
ably, and the combustion was not completed when the 
exhaust opened, this being due to the great amount of 
inert gases being mixed with the explosive charge. 


The pr he rate of burning, and made 
the cor i m iiete. Mt will be seen that with 
the pre ‘oline motor it is impossible to 





get full power or light variable powers without incom- 
plete combustion. It is also a condition that un- 
burnt hydro-carbons as carbon-monoxide and also hy- 
drogen are discharged into the atmosphere. 

In automobile work it is absolutely necessary to 
have a variable power. In order to burn the hydro- 
carbons completely it has been shown by investiga- 
tion that a certain amount of steam is requisite in 
order to assist the decomposition of the gases. This 
steam already exists in the products of combustion. 
But if the products are replaced by dry air, as in 
most scavenging engines, the rate and range of explo 
sion is limited. by the above requirements with re- 
spect to steam. Instead of governing by throttle, the 
hit-and-miss system of supply would have to be adopt- 
ed. Consequently two or four stroke engines of the 
scavenging class, in which the whole products of 
combustion are replaced by dry air, are unsuitable for 
automobile work. The six-stroke engine, however, 
possesses peculiar advantages over all the others. The 
scavenging device is so arranged as to allow part of 
the exhaust products to be retained in the cylinder. 
This portion of the products contains just enough 
steam to decompose the fresh charge of hydro-carbon. 
A great variation in the explosive charge is thereby 
allowable, while the excess of oxygen present insures 
complete combustion thereof. It is of great impor- 
tance to observe that it is only in the case of gasoline 
and similar hydro-carbons that the six-stroke engine 
is superior to the four-stroke scavenger engine. This 
is because gases made by producer plants and blast 
furnaces always contain water or water vapor from 
the washing of the gases during the process for the 
removal of tarry matter and dust. 

The scavenging out of the products allows the in- 
coming charge to remain cool before compression, and 
the time occupied by the scavenging in the six-stroke 
engine allows the heat taken up by the cylinder walls 
to pass into the water-jacket, so that even at full 
load no overheating takes place. The taking in and 
expelling of a charge of air between the exhaust and 
the new explosive charge prevents any risk of back- 
firing. To obtain the best results possible, the charge 
should be taken in cold, as a higher compression is 
then permissible without premature ignition, and the 
higher the compression the greater the efficiency. More- 
over, when the air is in excess the power is better 
distributed in the engine and shock to all the parts 
avoided. The initial pressure is low and the mean 
pressure high, as shown by the indicator diagrams, 
In the six-stroke engine the governor acts by auto 
matically reducing the gasoline supply in proportion to 
the load, and the diagrams give proof of the effective 
manner in which this takes place, this variable gov- 
erning giving very smooth running as against that 
produced by the effect of miss-fires at light loads in 
the ordinary type of engine. These indicator cards 
were taken from a six-stroke engine with the gover- 
nor action, and it is interesting to note that in these 
trials a careful analysis shewed the proportion of 
carbon-dioxide in the exhaust to be 6.0 per cent, and 
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oxygen 10.2 per cent, while carbon-monoxide and hy- 
drogen were entirely absent. This is clear and con- 
vincing proof that oxygen is in excess. That is re- 
quired for complete combustion, It shows also that 
the combustion which takes place in the engine cylin- 
der is practically perfect. When this is the case we 
have no pungent smell from the exhaust, and no black 
smoke discharged into the atmosphere. When the 
combustion is incomplete an acrid and offensive odor 
and volumes of black smoke are given off at the @x> 
haust to an extent depending on the incompleteness 
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of the combustion. In these days, when legislation 
on this point is becoming more severe, the advantage 


of absence of incompletely-burnt products is of no 
small importance 
In the six-stroke engine tested, scavenging is not 


effected by the 
are common in gasoline engines, this practice would be 
impossible. In the specification of the English patent 
(No. 15.898) a 


shown 


use of pumps; at such high speeds as 


engine cylinder is 


is on the top of the 


section of the 
The admission valve A 
cylinder head, the scavenging valve B is in the com- 
bustion chamber, a little to one side of the line of the 
cylinder. The air in this part of the cylinder does not 
mix with the mixture which comes through the admis- 
sion valve. On ignition of the charge this air absorbs 
heat, which is stroke. This 


reduces the temperature of the explosion and also the 


given out later in the 


mean more 
throughout the than it 
and therefore prevents excessive shocks and 


initial pressure, but makes the pressure 


constant stroke otherwise 
would be 
The exhaust valve is opposite 
that the incoming charge of 
latter The 


two 


strains to the engine 
the scavenging valve, so 
cools it. 


Otto 


cold air impinges upon the and 


cycle of operations is essentially the with 
additional 
tional 


mixes with the hot products left behind on the exhaust 


strokes added on at the end, these addi- 


taking air into the cylinder, which 


strokes 


stroke, and sweeping the mixture out again. Thereby 
a large proportion of the heat contained in these prod 
ucts of combustion is expelled into the air instead of 
passing through the cylinder walls into the water-jack- 
heat 


This reduction of the heat to be radi 


ets, thus reducing the transmitted through the 


cylinder walls 


ated is of the greatest importance when running with 


heavy load in automobile working, especially with air- 
cooled cylinders. A number of tests have been made 
on the new six-stroke gasoline motor by Prof. Burstall, 
of the Birmingham University They have extended 
over two months, and have been made under various 
conditions, so that a sufficiently long experience ‘has 


been obtained to form a reliable opinion of the per- 


formances The motor tested was of the three-cylinder 
type, 5 inches diameter and 5", inches stroke, designed 
1,000 revolutions per minute 
paid to full 
varying 
The trials 
is impos 


to run at speeds up to 


at any load Special attention has been 


load 
from 450 to 


running, and the engine ran at speeds 


1,080 revolutions per minute 


in all cases extended over long periods, as it 
sible to obtain accurate results with respect to gasoline 


consumption by observations during short periods 


The gasoline consumption was determined by weight. 


as in the feed water trials of steam engines. Indicator 


diagrams were taken by a specially tested manograph, 


and the engine ran with a water-cooled brake during 
all the trials 
At full load, at speeds varying from 300 to 1,000 revo- 


lutions per minute, the consumption of gasoline was 


indicated horse-power and 0.66 pound 
efficiency of the 
cent, 


0.54 pound per 


per brake horse-power The thermal 


engine per indicated horse-power was 25 per 


while the heat rejected to water-jacket only 30.7 per 


cent, and exhaust 44.5 per cent. The analysis of the 


exhaust gases earbon-dioxide 6.3 per cent, oxy- 


gave 


gen 8.7 per cent, and the exhaust contained no carbon- 


monoxide or hydrogen, and was clear and odorless. 


The 
square inch, and the mean pressure shown on the indi- 
The me- 


compression of the engine was 75 pounds per 


eator cards was 90 pounds per square inch 


chanical efficiency of the engine was 82.5 per cent, 


which must be considered a very good performance for 
The efficiency is fairly 
a large range of power and speed. Un- 


a six-stroke engine thermal 


constant ove! 


der variable load the thermal efficiency averages about 


22 per cent, and the mechanical efficiency 82 per cent. 
At all speeds and powers during the trials the engine 
other trouble and 
exhaust At full 
load it worked like an ordinary steam engine, without 
When 


fuels the six-stroke engine will be 


worked without overheating or any 


with a perfect clear and odorless 


overheating or distress using hydro-carbon 


found to be practi- 
cally equal in power to the four-stroke engine at the 
This is due to the replacing of the hot 
comparatively air, 


which allows 


same speed 
products in the clearance by cold 
and to the cooling down of the cylinder, 
weight of the combustible gas being taken 
more per charge. This 
burnt completely, owing 
replaced by air. 
with 
when 


of a greater 
in, approximately 33 per cent 
large combustible gas can be 
to the products of combustion being 
In the 


cylinders 


six-stroke engine, when constructed two 


with cranks at 180 deg., and con- 


structed with four cylinders with cranks at 90 deg., 


the explosions will be in regular sequence and all the 
moving parts perfectly balanced 


Owing to the cooling action of the scavenging air 


on the walls, piston, and valves, the time between the 


explosions being increased, and to the lower tempera- 


ture of the explosions, the temperature of the cylin- 
der walls, pistons, and valves will be considerably 
lower than in non-scavenging engines. As a conse- 


will not become burnt and 
the piston valves and on 
A smaller quantity of lubricating 


quence the lubricating oil 


form deposits of carbon in 
the sparking plugs. 
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oil will be required in working. The low temperature 
of the engine parts, combined with the absence of 
shock and strains to them, will enable these engines 
to run for long periods without cleaning or attention 
and with little wear to the working parts. A special 
feature of the scavenging engine is the reducing by 
about 20 per cent of the quantity of heat passing into 
the water-jacket; this advantage will be found of 
great service in hot weather at full load on long runs. 
There is no doubt that the six-stroke motor will prove 
of great value in automobile work. This is especially 
the case where it is necessary to have an absolutely 


reliable motor, which can make long runs at full 
power, and whose exhaust is free from carbon-mon- 


oxide or partially burnt hydro-carbons. In conclusion, 
we have great pleasure in publishing the following 
figures obtained by Prof. Burstall, of this university. 
They confirm every statement which we have made. 
They must convince every experienced engineey that 
this motor are based 
The leading authority 
prolonged 
our 


made toncerning 
facts and figures. 
engines has made 
convincing. They 
revolution in automo- 


the claims 
upon actual 
on internal combustion 
His 
that this motor is “a 
Here are the figures obtained: 
of Six-Stroke Motor Made by 
Burstall, M.Inst.C.E. 


tests. figures are prove 
own view 
bile design.” 

Results of a Test 


Prof. F. W 


Gasoline per brake  horse- 

EE ea se vitewense waeaces 0.66 Ib., on ich.p. 0.54 Ib. 
Brake horse-power ees 14.0 
Revolutions per minute...... 717 
Thermal efficiency .......... 25 p.c. on ih.p. 
Percentage of heat of fuel re- 

jected to jacket water..... 30 p.c. on i.h.p. 
Heat to exhaust........ .. 45 p.ec. on ih.p. 
Composition of exhaust gases: 

Carbon-dioxide hee are 6.3 per cent. 


8.7 per cent. 
that the 
motor marks the greatest advancement since the day 
upon the invention of Dr. Otto 
and made it possible to adopt the four-stroke cycle— 
Daim- 


Oxygen s4evvede 
Our readers will therefore see six-stroke 


when Daimler seized 


by means of the carbureter—for oil engines. 
ler’s work alone made the modern gasoline engine pos- 
great 


And so for years 


sible. But it was not finished. He gave us a 
gzift—but 
strenuous efforts were made to remedy the imperfec- 
That has now In the new 
engine under discussion the Otto, or four-stroke cycle, 
The inventor has boldly used a 
revolutions or cycles for each 


the thing was imperfect. 


tions been accomplished. 
has been abandoned. 
six-stroke cycle—three 
and he has produced a motor which runs as 
self-lubricating 


explosion 


sweetly and as free from smell as a 


steam engine. The invention is the result of twenty- 
three years of continual experimenting upon the scav 
enging The first engine that 


worked on the six-stroke cycle was put on the market 


system. inventor's 


in 1886, just twenty-one years ago. This engine gave 
better results than the Otto type in thermal and brake 
efficiencies We that 
sudden transformation in mechanically-propelled vehi- 
and that the three-cycle motor will become uni- 
versal. We engineer to fully 
acquainted advantages.—Engineering Times. 


believe we shall shortly see a 
cles, 


advise every become 


with its 


NEW METALLURGICAL PRODUCTS. 

ConsuL C. P. H. Nason, of Grenoble, submits a re- 
port on new metallurgical products in France, as fol- 
lows: 

One of the electro-metallurgical societies in 
France for the manufacture of metals and refractory 


largest 


alloys used in the making and refining of steel has its 
this consular district. It has devel- 
increasing 


headquarters in 
oped and is now exploiting in a constantly 
discovered by a distin- 
guished French engineer. 1899 with a 
small plant of 1,000 horse-power, it put in operation 
another in 1903 across the border in Switzerland of 
5,000 horse-power, another in the same year in France 
of 8,000 horse-power, and still another in 1904 of 5,000 
horse-power, so that at the present time, aside from the 
first experimental plant, it has at its disposal a total 
force of 18,000 horse-power. This year there will be 
fourth plant with a capacity of 5,000 


degree the special processes 


Beginning in 


completed a 
horse-power. 

The motive force comes wholly from the utilization 
of the rivers and waterfalls which have their sources 
in the mountains of the Alps. Other falls are con- 
trolled by this society, which, when captured and canal- 
ized, as they will be in a short time, will carry the 
tetal available force up to 40,000 or 45,000 horse-power. 
This society owns important mines in Portugal and 
France whence is extracted a good part of the wolfram- 
ite used in its processes. 

The metals and alloys produced and put on sale are: 
Ferro-chrome, ferro-tungsten, ferro-molybdenum, ferro- 
vanadium and pure vanadium, ferro-silicon, titanium 
and ferro-titanium, ferro-manganese, cupro and nickel 
vanadium, silico-chrome, silico-manganese, ferro-boron, 
ferro-tantalum, ferro-uranium, cupro-silicon, etc. 

The society at the present time is furnishing mate- 
rial to prominent European steel may, jfacturers. A 
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larger number of factories make use of the ferrosiy 
con produced by this society, while its name figure 
prominently on the list of contractors for the nation) 
workshops of the army and navy. The brief analysis 
which follows of some of these products will suffice ty 
show the diversity of the alloys manufactured, togethe 
with the care and regularity with which are obtaing 
all the percentages of rare metals and carbon. 
Ferro-chrome shows about 65 per cent of chromiun 
The chromium is extracted from chrome mineral 
coming from India, New Caledonia, Turkey, and Cap. 
ada, which generally give about 50 per cent of chy 
mium (Cr 2.03), the remainder being 35 per cent of 
oxide of iron and 15 per cent of magnesia, silicon, ang 
aluminium. By the addition of different dissolvents 
basic or acid, impurities are eliminated and a ferm 
chrome is obtained, the purity of which is thoroughly 
satisfactory for the manufacture of the finest steels, 
There exists quite a series of ferro-chromes, and fo 
various purposes, of which the principal are these 
Ferro-chrome for iron sheathing and projectiles, show. 
ing 65 per cent of chromium, 8 to 10 per cent of cap 
bon, and 2 to 6 per cent of silicon, according to the 
process of manufacture employed by the differen: fae 
Qualities with 4 to 6 per cent of carbon serve 
specially for the manufacture of crucible steels, for 
war material, and the making of steel] tools. 
Ferro-chromes with a percentage of carbon of from 
4 to less than 1 per cent are destined for the manufac 
ture of crucible soft are these ferro 
chromes as to be almost all forgeable. The percetage 
of sulphur and phosphorus in every quality of these 
ferro-chromes is always than 0.03 per cent. [| 
may be seen from this analysis that here is a whole 
series of ferro-chromes which replace very advantage 





tories. 


steel tools. So 


less 


ously those produced by blast furnaces. 

The society makes a specialty of ferro-tungsten. the 
sales of which amount to several million franes (france 
per year. Two qualities in particular are 
made—the one for crucible steels and the other for 
water-tempering of quick steels, a quality that shows 
about 85 per cent of tungsten and a maximum of 03 
to 0.5 per cent of carbon. It is claimed for this tungs 
ten that it has the great advantage over tungsten in 
already and of not 


19.3 cents) 


powder form of containing iron 
disaffecting the steel crystals, as the powder often <loes, 

Repeated trials have shown that made with 
ferro-tungsten are not only more economical, but the 
quality is much more uniform than those made with 
tungsten powder. Economy is realized through the 
methods of production, the details of which cannot 
well be given here, and by reason of the purchase price 
of ferro-tungsten, which is generally from 5 to 8 per 
cent less than that of tungsten in the powder. Natr 
rally, the quality of the ferro-tungsten itself necessary 
to produce the results obtained by the new processes 
must be considered, but these results have always fol 
lowed with the alloys referred to when employed under 
proper technical conditions. 

Not only has this society produced a ferro-tungsten 
for crucible steel, but incidentally while developing 
the manufacture of pure steel for springs and other 
often manufactured in the 
the degree of tungsten is 


steels 


purposes—steels that are 
Martin oven, and in which 
less than 2.5 per cent—it has created a quality show 
ing 60 to 70 per cent of tungsten, which has the advan 
tage of dissolving more rapidly and of oxidizing less 
owing to a greater percentage of carbon, varying from 
2 to 3 per cent. This ferro-tungsten is employed to 
greater advantage than the powder because by heating 
it beforehand in a Martin oven, a Bessemer retort, oF 


in a reduction of this retort (Robert or Tropenas) 
the ferro-tungsten on account of its great specific 


weight traverses immediately the scoria in fusion and 
is dissolved without loss in It can thus be 
introduced at no matter what moment, and especially 
at the moment when the processes of the oxidation of 
the carbon in the steel are finished. This ferro-tungs 
ten is sold, as is always the case, on the basis of pure 
tungsten, the iron being counted zero. The selling 
price is about 20 per cent less than that of tungsteD 
powder. 


the steel. 


THE SODA INDUSTRY. 

Tue soda industry was one of the first large chemi 
cal industries to be .developed on a scientific basis 
When we consider that the soda for our soap is now 
practically all made from salt, it seems hard to be 
lieve that one hundred years ago soap was made al 
most exclusively from the potash of wood ashes or 
from natural soda, the supply of which was very lim 
ited. I think we are forced to the conclusion that 
our great-grandmothers used very much less soap than 
we do. The first factory for making soda from salt 
was built by Le Blanc in France in 1791, but, partly 
because of the political conditions at the time of the 
revolution, partly for other reasons, the factory was 
not a suceess. Le Blanc himself died a few years 
later, in extreme poverty, and it was not till 1823 
that Muspratt established the industry successfully 
in England. From that time the Le Blanc process 
held undisputed sway till the early seventies. Since 
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then it has fought a losing battle with the ammonia 
soda process, and to-day there is not a Le Blanc 
factory to be found in America. Now the ammonia 
soda is, in turn, being replaced rapidly by electrolytic 
soda. This sort of competition is typical gf that 
which occurs in many chemical manufactures. In the 
case of Le Blane soda it has been a most powerful in- 
centive toward the improvement of the process. It 


has resulted in developing improved mechanical ap- 
pliances for carrying out the operations, in the recov- 
ery of the hydrochloric acid and its use in the manu- 
facture of chloride of lime and in the recovery of 
sulphur from the calcium sulphide. I visited a Le 
Blane factory in England two years ago, where they 
told me that their sulphur for making the sulphuric 
acid used in the process came from Spain in the form 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1675. 


87 


of pyrites and that 85 per cent of it left their factory 






is pure sulphur. In all this development the chemist 
has taken an ever-increasing part—in the development 
of new processes and the direction of old ones, and 
in that analytical control of raw material and finished 
product which hes become indispensable in all kinds 
of manufacture.—William H. Noyes, extract from in- 
augural address at University of Illinois. 





THEORY OF FREEZING MIXTURES 


AND THEIR CHEMISTRY.* 


BY T. CHALKLEY PALMER. 


A SATURATED solution of a salt in a liquid may often 
be cooled below the point at which the salt ordinarily 


separates, without causing solidification. But when 


a minute fragment is dropped into this so-called super- 
saturated solution rapid crystallization occurs. A 
delic: thermometer will indicate, at such a time, 
the disengagement of large amounts of heat. This 


heat is the energy which, so long as the salt continues 
in solution, keeps the When the 

bd . 
molecules rush together, and so lose the bulk of this 


molecules apart. 


independent motion, the motion becomes sensible heat. 
Similarly, in order that the particles or molecules of a 
solid may part company and spread themselves abroad 


throuzh a liquid, heat or some form of energy must 


becon latent—-or, more scientifically, it must cease 
to exist as sensible heat and be converted into motion. 
The ocess of solution calls for the expenditure of 
energ\ If the energy is not forthcoming from the 


chemical reaction of the salt and the solvent, it must 


come from the solution itself or its surroundings. 
Hence the lowering of temperature when _ solution 
takes place. The amount of energy so converted from 
the sensible to the potential condition in case of sim- 
ple solution is surprisingly large. 

During the last decade we have become familiar 
with the analogy between solutions and gases. A 
body in dilute solution is found to exert an osmotic 
pressure equal to the vapor pressure it would exert 
if gasified into the same space at the same tempera- 
ture The amount of energy necessary to gasify a 
pound of ammonium chloride, for instance, is very 
large An equal amount of energy is necessary to 
bring a pound of ammonium chloride into a solution 


of similar volume, temperature being allowed for. 


Now this energy is supplied in large part by the heat 
of the solvent and the immediate surroundings. Con- 


sequently a pound of ammonium chloride dissolving 
will create a very considerable lowering of 


temperature. 


in water 


Freezing mixtures are therefore devised on the prin- 
ciple that heat is the separation of the 
molecules of a solid from other. It is 
that this principle applies not only to the solution of 
a solid in a liquid, but also to the liquefaction of a 


absorbed in 


each obvious 


solid or of a mixture of solids, however brought about. 


Certain considerations will occur to almost anyone 
in connection with this line of thought. 
First, it is obvious that solution, with consequent 


absorption of heat, must be comparatively rapid if the 
local cooling is to be pronounced in degree. A slow 
process of solution means a slow absorption; and after 
a certain degree of slowness is obtained, this absorp- 
becomes counterbalanced by the flowing in of 
energy from the surroundings. This being so, freezing 
mixtures will be efficient for this purpose, other things 
being equal, strictly in proportion to their rapidity of 
If they are constituted of salts dissolving 
in liquids, they will be efficient just in proportion to 
the amount of salt dissolved in a unit of time. The 
amount of salt dissolved in units of time in a given 
volume of liquid will obviously be in proportion to the 
total solubility of the salt in the given liquid, Conse- 
quently, the most soluble saits are used in these mix- 
tures 

Secondly, the volume of the resulting solution must 
be kept as small as possible or much of the cooling 
effect will be wasted upon the solution itself. 

Thirdly, since salts that are mixed dissolve into 
liquids (all being chemically inert), each one as if it 
alone were present, it is quite feasible to increase the 
absorption of heat very greatly by making mixtures 
of considerable complexity. 

Fourthly, that while water is the most commonly 
used solvent, increased effect may follow the addition 
of an acid to the water in case of salts that are more 
Soluble in dilute acids than in water alone. 

Lastly, that when solvent and salt can be mixed in 
the solid form, as in the case of ice and salt, or that 
of ice and calcium chloride, absorption of heat. is 


tion 


operation. 





* Abstracted from an address before the Delaware County Institute of 
Science, 








brought about, not only by the solution of the salt, 
but also by the liquefaction of the solvent. 

A few typical freezing mixtures, illustrating some 
of the principles to which reference has been made, 
are noted below. The table sets forth the materials, 
the parts by weight and the degrees Fahrenheit that 
ean be attained. 

WATSON’'S LIST: 
Ammonium nitrate..... 1]Sodium phosphate...... 9 
WE +5 a0 cds eames 1| Dilute nitric acid....... 4 
40 to 4 50 to —12 

Ammonium nitrate..... 1| Sodium sulphate........ 5 
Sodium carbonate.. 1 | Dilute sulphurie acid... 4 

WED cs8kees seus 1 50 to 3 
50 to —3 DE. eictaeen ies 2 
Sodium chloride..... 1 

Ammonium chloride.... 5 a - 
Potassium nitrate...... 5], —F - . 

2 _ | Snow EE TTR 

Water .. enter eae 16 | Sodium chloride... 2 
30 to 10 | Ammonium chloride. . 1 
Sodium sulphate....... 6 | To —12 
Ammonium nitrate..... 5|Snow ............. 2 
Dilute nitric acid...... 4 | Dilute sulphuric acid 2 
50 to —40 | To —27 
Ammonium chloride 5 |Snow ...... so ees 12 
Potassium nitrate ... 5|Sodium chloride... 4 
Sodium sulphate .... g |Ammonium nitrate 5 
ME Sse cns one .16 To —25 
50 to 4 | Snow — ee = 
Sodium sulphate ..... 6 Hydrechioric - an ws 
Ammonium chloride. e. <i . 
Potassium nitrate ..... aga BI mala ¢ 
Dilute nitric acid...... Dilute nitric acid....... 4 
50 to —10 To —30 
‘ ; | Suew oa ep aiaate dam 
Snow ........-.+++++--24/Dpy calcium chloride... 5 
Sodium chloride ......10| To —40 
Ammonium chloride. 5 | Snow RA Bh ct 9 
Potassium nitrate...... *| Cryst. caleium chloride. 3 
To —18 To —50 
Sodium nitrate......... 3 | Snow —— — 3 
Dilute nitric acid...... SLED Kdcnidsccwasen 4 
50 to —3 To —5l 


RECENT INVESTIGATIONS 
RADIO-ACTIVITY. 
the Chem. Zentralblatt, H. 
states that, employing Lilienfeld’s spectroscopic meth- 
od, he could not find any trace of helium in polonium, 
although it is commonly that alpha 
particle forms an atom of helium. It is 
possible that the emanations undergo this change, but 
that the solid elements are not affected. 

Prof. Ramsay, in Nature, describes further experi- 
ments with radium emanations. It has 
that the spontaneous change of the emanations from 
radium results in the formation of helium. If the 
emanation is in contact with and dissolved in water, 
the inert gas produced by its change is mainly neon 
with only a trace of helium. If the emanation is left 
in contact with copper sulphate or nitrate solution 
argon is produced, with perhaps a trace of neon, but 
no helium. Spectroscopic examination of the residue 
after the removal of the copper shows sodium and cal- 
cium spectra, and a very faint red lithium line. Con- 
trol solutions of copper nitrate, not exposed to the 
emanation, show no trace of lithium. Thus the gases 
formed by the degradation of radium emanation 
long to the same group of elements as the emanation 
itself, and it appears as if copper also undergoes de- 
gradation, yielding one or more of the lower metals 
of the copper group. 

The Chemical News quotes K. A. Hoffman and V. 
Wilfl on radio-active lead and the isolation of radium 
D. Several methods, more or less successful, have 
been found by means of which the separation of ra- 
dium D can be partially effected. Finally, it was found 
that when magnesium phenyl bromide is allowed to 
act on lead chloride, lead tetraphenyl is produced, 
while one-half of the lead separates as metallic Pb. 
If, then, the lead chloride usel for this is rich in RaD, 


IN 


WriTINnG in Greinacher 


supposed each 


considered 


been shown 


be- 


most of the be 
which separates 


lead tetrapheny!l. 


RaD will 
out, 


metallic Pb 
part in the 


the 
small 


found in 
and only a 

When a metal sheet is placed in the path of a beam 
of alpha-rays, the decrease in the ionization which is 
produced in the gas behind the sheet is attributed by 
different authors to one of two causes—either a change 
in the range of the alpha-particles or a scattering of 
the rays. L. Meitner in Phys. Zeitschr. attempts to 
decide which is the true explanation. Two thick metal 
sheets have each a hole bored in them, and then 
placed a short distance apart, so that the centers of 


are 


the circular apertures are on the same straight line. 
The ionization, J,, is measured behind the first 
and also J,, the ionization behind both, when a source 
of alpha-rays is pla¢ed in front of the apertures. For 
a constant distance apart of the sheets J,//J be 
constant if The 
through which the rays first pass is now covered with 


sheet 


must 


no scattering is present. aperture 


a thin metal sheet. J, and J, are now reduced, but 
their ratio is unaltered if no scattering is present, but 
if scattering occurs J,/J, is different when the thin 
metal sheet is present. From his experiments the 


author concludes that this scattering does take place, 
and depends on the atomic weight of the metal. 

O. Hahn, recently the discovery of 
a new product thorium radio-thorium in 
the Ber. Deut confirms the 
ence of this intermediate product and suggests for it 


who announced 


between and 


Chem, Gesell., now exist- 


the name of meso-thorium. It has been shown that 
in the technical preparation of thorium nitrate the 
meso-thorium is separated from the thorium, but not 


this thorium 
different 


obtained according as the alpha-radiation, the emana- 


so the radio-thorium. If the activity of 


is measured over long intervals, results are 


tion, or the beta-radiation is used Hence it is con- 
cluded that, besides radio-thorium and its derivatives, 
the first members of the thorium series also emit 
rays. It is known that alpha-rays are emitted by 
radio-thorium, ThX, Th emanation, and ThB; the 
last giving two sorts. It is now shown that thorium 
itself emits alpha-rays The methods are indirect, 


(1) by 


preparations 


and are here only briefly indicated; they are: 
the 
of different ages by 


comparison of activities of thorium 
the effect of alpha-rays and of th« 
emanation: making thorium preparations of dif- 
ferent age from ThX; (3) preparation of radio-thorium 
ThxX. In the the effect 
of the emanation are greater than those of alpha-rays, 
thorium added 


stant quantity to the alpha-ray, but not to the emana- 


free from (1) differences in 


as the activity of itself is as a con- 


tion measurements. In (3) the inseparable alpha- 
activity is smaller than in any ordinary thorium pre- 
paration, as the activity of the true thorium is re- 
moved. Meso-thoriym has been separated from the 


old thorium which showed itself by the 


continual increase of activity and power of emanation. 


preparations, 


This preparation shows a much stronger beta-ray ac- 
radio-thorium or thorium under the 
The full 


tivity than either 
same conditions of emanation. 
sults later. The 
brought the different thorium 
in order ot formation, with the rays they emit: Thor- 


numerical re- 
list 


products 


are to be given following is a 


up to date of 


ium, alpha-rays; meso-thorium, beta-rays; radio-thor- 
ium, alpha-rays; thorium X, alpha-rays; emanation, 
alpha-rays; ThA, slow beta-rays (which may be delta- 
rays and are but little more penetrating than alpha- 
rays); ThB and ThC (both), alpha, beta, and gamma- 
rays. 


Blue Stain for Ivory.—(a) Lay the objects to be 
stained in very dilute hydrochloric acid solution (1 
part acid, 35 parts water) 
then treat them with a 
earmine in 6 of water, for several hours. (b) 
First stain in solution of of alumina 1 part 
of sugar of lead dissolved in distilled water, 4 parts 
of alum dissolved separately. Mix together, add 1-22 
part of crystallized soda, leave it over night to clarify, 
pour off the sediment, dilute with water. Hereupon 
immerse the ivory for several hours in a solution of 
1 part of indigo-carmine in 6 parts of water. 


for two to three minutes, 
solution of 1 part of indigo- 
parts 


acetate 
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A NEW RAILWAY DYNAMOMETER CAR 


TESTING ROLLING STOCK ON AN ENGLISH ROAD. 


BY THE ENGLISH CORRESPONDENT OF THE SCIENTIFIC AMERICAN. 


Tne North-Eastern Railway Company (England) 
has recently introduced into working a new type of 
dynamometer car, which has been designed by their 
chief mechanical engineer, Mr. Wilson Worsdell, of 


at the right side of the 
the work done, and is on 
planimeter, the horizontal 
to that 


distance proportional 


instrument table measures 
the same 
circular 

ot 

















THE DYNAMOMRETER CAR. 


Gateshead, for the purpose of testing the company’s 
locomotives and rolling stock, in order to obtain data 
which will enable them to meet the growing demands 
for greater speed and haulage. The body is built on 
a steel underframe, shaped to take a special spring 
which extends across the middle of the carriage. This 
spring consists of thirty selected steel plates, each 
separated by rollers, so that there is a minimum of 
friction. The end of the spring adjacent to the draw- 
bar is provided with rollers at each end of the span 
abutting against fixed faces, and from these the pull 
is transmitted to the train As the function of this 
spring is to give an accurate measurement of the pull 
exerted on the drawbar, it was essential that the 
plates composing it should be of the highest quality 
and that when buckled together they should be very 
carefully calibrated. Each plate was tested separately 
by being placed over supports and loaded until the 
specified deflection was reached, after which it was 
allowed to return to a horizontal position by unload- 
ing. If it failed in this it was rejected A uniform 
rate of deflection was also required After being put 
together the spring was carefully calibrated. A 
bracket is fixed to the buckle and projects inside the 
car, and as the spring is deflected the bracket moves 
a stylographic pen over a roll of paper, thus drawing 
a curve of drawbar pull. The paper is caused to travel 
over a table by drums driven by a measuring wheel 
which rolls on the rail, and which can be raised or 
lowered at will from within the car. This measuring 
wheel is fitted with a very hard steel tire to minimize 
wear, and is accurately ground, so that it makes a 
predetermined number of revolutions per mile. The 
paper can be made to run al varying speeds by chang 
ing the driving gear between the measuring wheel and 
the drums The speed of the train at any instant is 
shown in front of the operator by a pointer on a dial 
The permanent speed record is given by a pen in 
electrical communication with a clock, which thus 
makes a mark on the traveling roll of paper at two- 
second interval The speed can be read off from 
this by the aid of a special scale There are eight 
of these electro-magnetic pens, which may be coupled 
up as required through a terminal board, and thus 
may be put in communication with any instrument; 
by the aid of connections at each end of the car, 
external communication can be made The interior 
view looking on instrument table shows the electro- 
magnetic pens, while underneath the table may be 
seen the bracket extending from the spring buckle 
up to the spindle on which the drawhar pen is fixed 
On the front of the case on the far side of the instru- 
ment table are four dials which show the distance 
traveled, and above them looking from left to right 
ean be seen the cloc! il pressure recorder, and a 
meter for registering the work done. The apparatus 


frame supporting a small wheel on edge moves across 
it from the center a distance proportional to the pull 
on the drawbar. Its revolutions are therefore a meas- 
in electrical com- 


ure of the work done; 


munication with the previously mentioned meter, the 
indicator mounted on the near 
edge of the table is for recording the pressure in the 
steam chest Owing to the fluctuating pressure in a 
thought 


work is recorded. The 


locomotive steam chest, 
ertia of the long column of water 
results worthless. 
tors were therefore bracketed together, with the pen- 


pipe would make the 


and as it 


it was 


cils close to each other, and in 


line, so that they both marked on one common drum. 
One indicator was coupled direct to the steam chest 
than 


indicator 


through a connection 


while between the other 
60 feet of bare copper pipe and an 
interposed, It was found that the 


less 


oil cylinder were 


with the long pipe drew a line which was a mean of 
the pressure shown by the other, and this being suit. 
able, the apparatus was then installed as shown in the 
photograph. The instrument behind the clock is for 
obtaining the velocity of the wind, which blows dow) 
a tube kept facing its direction, and causes the rise 
and fall of a pen on the paper drum. The view from 
the other end shows this more distinctly, while up ip 
the roof a dial can be seen on which the direction of 
the wind is indicated. Two dials on which the (ray. 
bar pull and speed are shown are provided for the 
convenience of those persons who may be in the front 
end. The external view shows the measuring wheel 
previously mentioned. The wind vane, flexible pipes 
for boiler and steam chest pressures, and the plugs 
for external electrical connections may be seen at the 
front end. The spring can be seen, as the side pro 
tection plates have been removed for the purpose of 
taking this photograph. A better idea of the shape 
of this part is got from the view showing the method 
of testing it. The special frame, slings, etc., weigh 
two tons complete, and each weight shown below is 
half a ton, or a total of 15 tons. The weights were 
screwed up from the floor in pairs, so that the frame 
remained horizontal; finally, other four _half-ton 
weights were added, bringing the total up to 17 tons 
The spring rollers rested on abutments at each end, 
the top ends being secured by chains for safety, these 
being left sufficiently slack so as not to interfere with 
the free movement of the spring. A curve was plotted 
giving the ratio between load and deflection, and from 
this a scale was made. Other auxiliary apparitus, 
such as pyrometers, draft gages, etc., are included in 
the equipment, and indicators of a special type with 
external springs and pencils controlled by electro 
magnets are employed on the front. For brake tests 
a frame supporting three indicators can be fixed on 
the existing instrument table, and the pressures in 
the brake cylinder, auxiliary reservoir, and train pipe 
thus recorded. During locomotive experiments there 
will be recorded on the traveling roll of paper the 
drawbar pull, work given out, speed, revolutions of 
driving wheels, steam-chest pressure, position of re 
versing lever, also where indicator cards, smokebor 
temperature, and draft readings are taken. The effect 
that alteration in design has on any of these observa 
tions can readily be seen; and, comparing the fuel and 
water consumption with the work given out, the total 
efficiency due to any change can be easily estimated. 
during experiments with rolling stock to determine 
tractive resistance, in addition to recording the draw 
bar pull and speed, the velocity and direction of the 
wind are also noted, so that comparisons can eventually 
be made with the variables eliminated. Brake tests 
call for no special comment. The car is also of use 
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in finding the sighting point of a signal or the dis- 
tances between two points, an electro-magnetic pen, 
in connection with a push worked by an observer, 
marking the positions on the traveling paper roll. In 
a similar way, with the aid of the clock beating two 
seconds, the time lost by speed limitations can also 
be determined. In fact, any information likely to be 
of value in connection with locomotives and rolling 
stock can be obtained with this car. 


MANUFACTURE OF BESSEMER 
STEEL RAILS.* 


By FRANKLIN E. Aprort. 


THE 


Tus description will be limited to the making of 
Bessemer steel for the manufacture of rails as now used. 
All reference to rolling mills will imply the mills of 


the Lackawanna Steel Co. in this immediate vicinity. 


Ores used at the Buffalo steel plant come from Penn- 
sylvania, northern Michigan, Wisconsin, and Minne- 
sota, with the northern ores in predominance, Sta- 
tistics of iron ore mining show that fully two-thirds 
of all rail steel made in the United States comes from 
Mesa ores. 

Ma!.ing steel by the direct process consists in tak- 
ing molten fron direct from the blast furnaces to the 
steel ant and continuing it through the process of 
steel iking without ever becoming solidified till fin- 
ished. The iron is taken from the furnaces in ladles 
holdin < about 20 tons, from which it is poured into a 
large mixer holding about 200 tons. The object of 
the mixer is to make a better average composition of 
iron, ind hence a more uniform grade of steel. From 
this large vessel, or mixer, the iron is drawn into a 
ladle jolding about 10 tons, and from this charged 
into converter, when the process of steel making 
begir 

The blowing of the iron in the converters sets up 
reactions Which result in decarbonization, and also 
burns out silicon and manganese, but sulphur and 
phos rus originally in the iron will remain after 
the wing, aNd in slightly increased percentage, 
owing to the reduction of the original volume by ox!- 
datio The blowing takes from 10 to 20 minutes, 


depen'iing on the quality of iron, and a skillful oper- 


ator «can tell when the metal has been sufficiently 
burne! out by the color and dropping of the flame, 
when the vessel is immediately returned to a _ hori- 
zonta! position. The contents of the vessel at this 
stage are nearly pure iron. 

While the molten iron is still in the vessel, a quan- 
tity of other molten metal called spiegeleisen, con- 
taining a known quantity of iron, carbon, manganese, 
and silicon, is poured into the vessel, and is imme- 
diate diffused through the whole mass; thus iron 
is changed into what is known as Bessemer steel. 
The steel is then poured from the vessel into a ladle, 


and from that tapped out into ingot molds in which it 


is le to solidify. 

The ingot molds are cast iron boxes, open at both 
ends. averaging about 18 inches square, but tapering 
outwardly toward the base. The ingots are cast 


with these molds standing upright on heavy cast-iron 
+} 1 & paper read before the Central Railway Club, Buffalo, N. Y., 
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table cars, the car tops serving as bottoms to the 
molds. They are then moved forward on these cars 
from the steel plant to the stripper. The stripper 
consists of a powerful horizontal electrical crane, 
equipped with a combination of lifters and plunger. 
The ingot molds are grappled by enormous links auto- 
matically hooked into ears or lugs at the end of the 
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molds, made for that purpose, and as the ingot mold 
is raised the plunger comes down, forcing the ingot 
from the mold through the bottom, leaving it 
standing upright on its own the car. With 


open 
base on 


the ingot thus cast and the mold stripped from it, the 
process of steel making is completed. 
The red-hot ingots are then forwarded, still stand- 


ing on the same iron cars, to the rail mill where they 
are deposited in reheating called “soaking 
pits,” and left there till brought to proper temperature 
The placing of ingots in the soaking pits 
is substantially the beginning of the rail making. But 
before passing to that step in the description it will 
be of interest to understand as well as possible the 
behavior of the and what takes place when it 
passes from a liquid to a solid state. 

When the liquid or molten metal comes in contact 
with the cold iron of the mold, it immediately freezes 
at the sides and base and gradually toward the center. 
The interior is the last the of that 
last to cool will be at the top. wide contraction 
that the metal undergoes in passing from molten to 
a solid state makes a very considerable reduction or 
its volume. As the the ingot is 


furnaces 


for rolling. 


steel 


to cool, and 
The 


part 


shrinkage in top of 
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the last to solidify,,the drawing in of the mass will 
concentrate at that place, and there is formed a cavity 
or honeycombed part, extending a few inches down. 
This opening or unsoundness at the top of the ingot 
is known as piping. 

Another peculiarity that develops when steel passes 
from liquid to solid is segregation of some of its con- 


stituent elements, especially carbon, sulphur, and 
phosphorus. The term segregation when used in con- 


nection, with the metallurgical characteristics of molten 
steel must be understood as the drawing away from 
one part of the mass to another of such elements as 
will separate before the steel freezes or becomes solid. 

Segregation apparently proceeds in the same way 
that the steel solidifies. It works from the outer 
parts toward the center, and there will be the great- 
est concentration of the segregated elements at the 
top of the ingot where the metal is last to cool. There 
is found in this part not only the piping and spongy 
mass, but the part of the steel made inferior by an 
overload of carbon and probably manganese and also 
excessive sulphur and phosphorus. This inferior steel 
is discarded, as will be seen further along. 

Keeping in mind, then, the shape ana condition of 
the steel in the ingot, we will take up the second step, 
that of making ingots into rails. As already noted, 
the ingots are placed in the soaking pits, always in a 
vertical position, where they remain from 90 to 150 
minutes, in order to be brought to proper temperature 
for rolling. 

This heat treatment in 
lowering the temperature at 
which may at time of charging be nearly fluid, and 
raising the temperature of the part, which at 
the same time may be solid and reduced to cherry red. 
The whole thus brought uniform 
and approximately plastic condition, which makes it 


the soaking pits results in 
the center of the ingots, 


outer 


mass is close to a 
fit for the rolling process. 

The reheated ingot is then taken from the pit, placed 
conveyer and rushed forward to the 
is turned down on its side preparatory 
This is the first and only time 


on an electric 
mill, where it 
to entering the rolls. 
an ingot lies in a horizontal position during the whole 
process of making and reheating the steel. It may be 
well to note here the great advantage gained by both 
and rails in this modern prac- 
always keeping ingots in a vertical position, 
from the time they till the metal has been 
brought to proper consistency for rolling. 

In nearly all specifications for steel rails there is a 
reads about “No bled 
This restriction, so much need- 
little or no account at the 


makers users of steel 
tice of 


are cast 


short clause which as follows: 
ingots shall be used.” 
ed in old methods, is of 
present time. 
In the early rail making, it was the 
throw their as soon 
taken from the molds, and, in fact, they 
kept in that position in the reheating 
by chance, the surface crust at the ends should break 


open, the fluid metal at the center of the mass would 


days of prac- 


tice to ingots on sides as they 


were were 


furnaces. If, 


bleed out, leaving a hole which would almost cer- 
tainly result in piped rails 
The longer time given under the present practice 


for the metal to solidify in the molds, and always keep- 
ing the ingots in a vertical position in the reheating 
furnaces, practically eliminates all possibilities of any 
bleeding, and in a corresponding degree makes a pro- 
tection against getting piped rails in the product. 
When the ingot is its sides for the 
first time, it The first two 
passes are through two separate sets of rolls of large 
The motion 
moves for- 


turned down on 
enters the blooming rolls. 
powerful engines. 
heavy It then 
rolls, four 
eight 


diameter, operated by 
the 


next set ol 


is slow, and reduction 
ward to the 


made and a bloom about eight inches by 


where passes are 
inches, 
20 to 22 feet long is completed. 

the size of the bar is reduced suffl- 
ciently so that off. Enough 
metal is cut from the end coming from the top of the 
steel, 


In these shapes, 
the ends can be sheared 
ingot to remove all traces of piping or spongy 
the containing the greatest 
amount of segregation. From the other end, coming 
from the the ingot, enough is cut off to 
make the end face square and solid. After the 
ing, the bloom is conveyed to the roughing rolls where 
rough the rail 
From there the bar goes to the finishing 


and also to remove part 


bottom of 
shear 
in four passes a form of section is 
worked out 
thence moved side- 
last finishing 
completed to 


making four more 
across the mill floor to the 
the rail section is finally 
minute refinement of its detailed dimensions. 

The block of which the other end 
of the mill, about 18 inches square and 50 inches long, 
now rail with a area six or 
seven inches square and 175 feet in length. All this 
change has been made in an interval of eight to nine 


rolls, passes, 
pass, 


the 


wise 
where 


steel started at 


has become a sectional 


minutes. 

In a two-high mill, such as the one referred to in 
this paper, the ingot is continued throughout the entire 
rolling process in one piece, and finally a single length 
is furnished equal to four or five 33-foot rails. The 
long rail is carricd from the last finishing pass to the 


hot saw, where it is cut into standard lengths, accord- 


ing to order, cutting one rail at a time, thence through 
the cambering rolls to the cooling beds, where the 
rails are left till brought to the temperature of the 


atmosphere, or about 
In passing through the 


70 degrees. 

rolls the rails 
head arching 
immediately 


cambering 
with the 
rail, 


are forced into a curvature 


upwardly That is to say, if the 
after coming out of these rolls, were made to rest on 
in the trackman’s parlance, “work ways,” 
warps 


its base, or 


the ends would be low From this shape it 
first to the opposite curvature, bringing the ends high, 
then back toward the first shape and finally drawing 
back again in the final cooling, leaving the rail, when 
resting freely on its base with a back sweep or the 
ends up. 

The effort on part of 
regulate the cambering so that the rails will cool as 


nearly straight as practicable, but as absolute straight- 


the mill superintendent is to 


ness is almost impossible to attain, they are prefer- 
ably brought, when cold, to a slight back sweep, as 
already described 

There are two reasons for having rails at their 
normally cold temperature with back sweep rather 
than head sweep, if they do not come out perfectly 
straight First, the cold straightening work will be 


thereby escaping the danger 
running 


done mainly on the base, 
gagging iron on the 


Second, the internal stresses left 


of indentations from 
surface of the head 
in the rail when it becomes cold, tending to draw the 
ends 
help to hold the joints up and maintain better track 
surface 
The rails pass from the cooling beds over live rolls, 


upward, even after it is cold straightened, will 


when the rails are put into use. 


by which they are distributed to the presses where 


straightened, drilled, finished, and inspected, 
carried down through the mill to the 


they are 
thence they are 
loading sheds, and finally loaded on cars 


This completes a general outline description as to 


how rails are made, but it may be of interest to return 
to some points along the process of rail making where 
greatest difficulties are encountered 
When the 


iron in the 


into the purified 


necessary in- 


spiegeleisen is poured 
blow, 


hard, elastic and 


vessel just after the 


gredients are introduced to make it 


ductile 


Chemical analyses of average Bessemer rail steel 





as made at present for heavy rails run about as fol 
lows 
Per cent. 
Carbon ; 50 
Phosphorus 10 
Sulphur Og 
Silicon 12 
Manganes« 1.00 
Iron 98.20 
100.00 
The quantity of carbon can be controlled by the 


used. The makers and users of rails 
are not exactly agreed as to what the limits in carbon 
The 


content 


grade of spiegel 


inclined to increase 
than 


should be users have been 
faster in proportion 
When a 


section, carbon, in the 


carbon somewhat 


the increase in weight of rails 70-pound 


rail was regarded as a heavy 


steel, ran from 0.35 to 0.40, but when the weights of 


rails reached 100 pounds per yard, 0.60 per cent car- 
bon was called for, and in some cases the upper limit 
was fixed at 0.65 per cent. The higher carbon steel, 
55 per cent to 65 per cent, was also specified for lighter 
The 
an increase in weight of only about 


cent car- 


rails such as 80-pound and 85-pound per yard 


80-pound rail was 


14 per cent over the 70-pound, but 0.58 per 


bon often called for in this weight rail was an in- 


crease of full 15 per cent of this element over the 
seen that hardening proper- 


with the 


lighter section It can be 


ties were raised entirely out of proportion 


increased weight, and the apparent consequence was 


a less satisfactory rail in the heavier section 


The reason for raising the carbon was to get more 


elasticity and better wear, which in a degree was 


obtained, but with it came more failures from break- 


age It was then proposed and specified on part of 
the users that phosphorus should be lowered about 15 
per cent, making the limit not to exceed 0.085 per 


cent This proposition seemed entirely consistent 
from a metallurgical and theoretical standpoint, but 
practically it cannot be obtained because of the ore 


conditions 


It is estimated that the available 0.085 phosphorus 
Bessemer ores in the United States are relatively 
small 

If all the rail mills in this country were to under- 


from American ores, the annual require- 
3,000,000 tons under 0.085 phosphorus 


that 


take to fill 
ment of about 


specifications for Bessemer rail steel, grade ore 


be made 
any 


would be exhausted before provision could 


to meet the vearly demand for rails made by 
other process 

If open hearth steel is to succeed Bessemer, it will 
take a term of years and thc expenditure of an enor- 
to build furnaces enough to pro- 


alone. Before this 


mous sum of money 


steel needed for rails 


vide the 
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could be accomplished it is more than probable that 
the 0.085 phosphorus Bessemer ores would run out, 
and with an inadequate production of open hearth 
steel, the railroads would have to either get along 
with a short supply or import the tonnage lacking. In 
the event of such sources not being able to keep pace 
with the demands, their only alternative would be to 
take a grade of Bessemer steel far inferior in wearing 
qualities to what they are now getting. 

To avoid this apparent short cut to the end of good- 
quality Bessemer rail steel the makers insist that 
the phosphorus limit shall be left as it has been for 
a number of years past, at 0.10 per cent, and a some- 
what modified carbon content be used. 

It is entirely practicable to use enough carbon with 
0.10 per cent phosphorus ores to ntake perfectly sound, 
safe, and serviceable Bessemer steel, and with that 
limit accepted, the manufacturers will be able to pro- 
duce good-quality Bessemer steel rails for many years 
to come. 

The wear of the heavier section rails has not been 
all that the expected, even with the propor- 
tionally higher carbon, and they are loath to make 
any recession in this hardening element, fearing that 
by so doing there will still be greater loss from rapid 
wear. But the question of safety must have first con- 
sideration, and neither the makers nor users of rails 
will be justified in adding hardening properties, to 
get increased service that will place the material any- 
where near the danger line of breakage. 

So the question of carbon and phosphorus content 
Bessemer steel for rails is not 
fully and definitely settled. The phosphorus limit is 
substantially fixed by conditions. The carbon limit 
to correspond is likely to be fixed by more experience. 
There is a strong probability, that harder 
steel may be used if the shape of the rails is changed. 
brought about will be considered 


users 


that shall be used in 


however, 
this may be 
further on. 

The next element in order in the steel composition 
This is of little consequence to the user 
of rails. Its effect is to make hot steel dry, or what 
is called “hot short,” and liable to pull apart, making 
flaws on the surface of rolled shapes. A limit of 0.10 
per cent can well, but it is always 
to the interest of the manufacturer that it should be 


How 


is sulphur 


be handled very 


lower. 

Silicon has a quieting influence in molten steel 
when it is settling and cooling in the molds, and makes 
it dense when cold. A limit of 0.20 per cent is gen- 
erally stated in specifications. 

The quantity of steel will run 
from 0.80 per cent to 1.10 per cent. Its effect is to 
make the hot steel tougher, overcoming some of the 
bad effects of sulphur, and thereby better adapted to 
rolling. It also makes the steel harder and better for 
wear, but if the quantity exceeds very much the upper 
limit noted it is liable to lead to brittleness. 

Another clause in standard rail specifications that 
is a between makers and 
buyers of rails, reads as follows: “Sufficient material 
shall be discarded from the top of the ingot to insure 


manganese in rail 


source of some contention 


sound rails.” Under that agreement the buyers of 
rails can get, and do get, perfectly sound steel. The 
interpretation of the term sound in this case means 


entirely free from piping or spongy metal. 

Sound steel standard composition are per- 
fectly safe to use, and the railroad companies 
have exercised their rights given by the specifications 
in their inspection at the mills, while rails are being 


rails of 
when 


made, and thereby obtained sound rails, they have 
done their whole duty toward themselves and their 


patrons, whose safety and welfare they are bound to 
protect. 

But the question arises why do the railroad people, 
or so many of them, come up with a demand for more 
discard, in some instances asking for a fixed amount 
not less than 25 per cent of the whole ingot. It is nct 
a question of safety, but one of service. Under pres- 
ent specifications, the rail mills must deliver to the 
railroads safe that is to say, free from the 
danger that comes from piping. They are obtained 
by shearing from the top of the ingot sufficient ma- 
terial to insure sound steel. 

Then what would the railroads gain by doubling the 
discard if 25 per cent should amount to that increase? 
They might get a larger percentage of better wearing 
now receive, but the gain would be 
purely in an economical sense, and not in one of 
safety. Therefore, the question of more discard after 
enough has been made to insure sound and safe rails 
is purely a commercial one, and can be disposed of 
between the railroads and the steel companies with- 
out giving cause for any anxiety on the part of the 


rails, 


rails than they 


traveling public. 

In addition to the discard sheared off the bloom, a 
crop end is cut off the long rail when it is finished, 
taken from the end toward the top of the ingot. This 
is about six feet long and is used for a drop test. One 
such test piece is taken from every blow of steel. It 
is placed on steel wedge-shaped bearings, three to four 
feet apart, and struck wth a 2,000-pound weight. fall- 
ing 15 feet to 22 feet (depending on size of rail tested) 
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The deflection of the test piece under this drop js 
carefully noted and made a part of the inspection reg 
ords. If the test piece breaks under the drop, aj 
rails from the blow represented by that test must be 
discarded. 

This is the most satisfactory proof of the quality 
and strength of the rails that can be used. If the 
steel is brittle it will be discovered by the character 
of the break. If piped, that condition can be seen ip 
the fracture and will determine at once whether or 
not sufficient discard has been made at the shears to 
insure sound steel. If the metal is very soft it wi) 
show by excessive deflection. It can be seen, there 
fore, that the drop test throws out many safeguards 
against passing defective or inferior material. 

Another difficult part in the making of steel rails 
is in the section. In the first place, it has to be very 
close to mathematically correct. A finished rail is 
simple looking thing when it is made, but there are q 
good many dimensions besides the length to take into 
account in getting it through the mill in proper shape, 
The ordinary rail section is made up of 17 separate 
and distinct dimensions, nine of which are duplicated, 
making a total of 26 to be kept in order and held ip 
their respective places when the rolling is under way, 

The section is continually checked during the process 
of rolling. This is done by a steel template made to 
exact dimensions of one-half the rail divided by its 
vertical axis. The rail section is tested on both sides 
by the same template, and therefore each half is as 
nearly like the other as is possible to make it. In 
checking rail sections, the has to guard 
against either over or under size, and always strives 
to maintain perfect symmetry. In this detail a differ 
ence of 1/64 inch cannot be ignored, and the wonder 
is how such ponderous and coarse machinery as con- 
stitutes a rolling mill can be so nicely adjusted as to 
accomplish such fine results. It is not easily done, 
and it should be remembered that the turning or shap- 
ing of rolls and the manipulation of steel through 
them when rolling is under way, is the most intricate 
part of the rail-making process. 

Cambering of the rails is made necessary to cout 
teract the warping that takes place in cooling. The 
warping is due mainly to the shape of the section, and 


inspector 


the rail is rarely perfectly straight when cold. What- 
ever warp or crook may be left in must be taken 
out by cold straightening. This is done in a press 


under a slow-motion plunger by applying pressure on 
the rail centrally between bearings 42 inches apart. 
The arrangement of this press has lately become part 
of a general specification, and for that reason should 
receive some notice in this connection. 

It is pretty generally conceded by both rail makers 
and users that the strain and torture that rails have 
to endure in cold straightening are the most severe 
and most objectionable work in the whole manufac 
turing and finishing process. The impossibility of 
taking a bend or kink out of a rail without straining 
it beyond its sectional elastic limit makes the neces 
sity of setting up internal stresses, working at cross 
purposes with the normally cold tension of the steel 
unavoidable. To what extent these may be harmful 
to the rail after it is put into service cannot be defi- 
nitely determined, but it is only reasonable to infer 
that they have some effect. 


IS A CHEMICAL ENGINEER? 
The Standard Dic 
who man- 


WHAT 
Wuart is a chemical engineer? 
tionary defines an engineer as “a 
ages an enterprise.” The civil engineer is hence one 
who manages a civil enterprise, such as the erection 
of a bridge, the building of a road or the construction 
of a reservoir; the mechanical engineer is one who 
manages a mechanical enterprise, such as the building 
of an engine, its design or even its operation; the 
mining engineer manages mining enterprises, and the 
electrical engineer electrical enterprises, etc. The 
logical step from this is that the chemical engineer is 
one who manages, hence Cesigns, operates or directs 
chemical enterprises, or as much of any enterprise as 
requires for its successful conclusion the application 

of chemical principles. 

Webster defines engineering as “originally the art 
of managing engines, in its modern and extended sense 
the art and science by which the mechanical proper- 
ties of matter are made useful to man in structures 
and machines.” It from this 
definition to that of chemical engineering; i. e., as 
the science by which the chemical properties of matter 
are made useful to man in products and appliances 

The words engine, engineer, and also ingenium, 
meaning natural capacity, all come from the Greek 
verb meaning to produce or create, hence the engl 
neer is merely one who produces or creates military, 
civil, mechanical, mining, or chemical products or ajr 
pliances. The root of the word certainly does not lead 
one to the conclusion that it is to be applied only in 
a mechanical sense. 

Let us draw a parallel betweer 


person 


is very easy to pass 


che mechanical and 


* From t 


Cheracal Engineer. 
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chemical engineer as an aid to better understanding. 
The mechanical engineer, for example, defines the 
physical proportion of a casting, length, breadth, and 
thickness, designing the dimensions of its various 
parts to meet the requirements to which it is to be put. 


rk AB 
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The chemical engineer on the other hand defines the 
chemical composition of the casting and specifies the 
percentages of phosphorus, sulphur, silicon, carbon, 
ete., it shall contain. In a steel rail the mechanical 
engineer gives the dimensions of the flange, the head, 


T BREE 


ITS FUNDAMENTAL PRINC 


Wien we look about us on the plants inhabiting the 


earth with ourselves, and watch any species day by 
day, we are unable to see any change in some of them. 
During a life-time, and in some cases perhaps including 
the full breadth of human history, no remarkable 
cha! seems to have occurred. And yet there is not 
to-day one plant species which has not undergone great, 
and to a certain extent constant change. 

The life-forces of the plant, in endeavoring to har- 
monize and adapt the action of its acquired tendencies 
to its surroundings, may, through many generations, 
slowl) adapt itself to the necessities of existence, yet 
these same accrued forces may also produce sudden, 
and one not acquainted with its past history most 
surprising and unaccountable, changes of character. 
The \ery existence of the higher orders of plants which 
now habit the earth has been secured to them only 
by their power of adaptation to crossings, for through 
the riations produced by the combination of numer- 
ous tendencies, individuals are produced which are 
better endowed to meet the prevailing conditions of 
life. Thus to Nature’s persistence in crossing do we 


owe all that earth now produces in man, animals, or 


plant and this magnificently stupendous fact may 
also safely carried into the domain of chemistry as 
well, for what is common air and water but Nature's 
earlicr efforts in that line, and our nourishing foods 
but the result of myriad complex chemical affinities of 
later date? 


Nature and artificial crossing and hybridization are 
amonge the principal remote causes of nearly all other- 
wise perplexing or unaccountable sports and strange 
modifications, and also of many of the now well-estab- 
lished Variations without immediate ante- 
cede crossing occur always and everywhere from a 
combination of past crossings and environments, for po- 
often through 


species. 


tential adaptations exist generations 


without becoming actual, and when we fully grasp these 
the sudden ap- 


facts, there is nothing mysterious in 


pearance of sports; but still further intelligent cross- 
ings produce more immediate results and of great 
value, not to the plant in its struggle with natural 
forces, but to man by conserving and guiding its life- 
forces to supply him with food, clothing and innumer- 
able other luxuries and necessities. Plant-life is so 


common that one rarely stops to think how utterly de- 
pendent we are upon the quiet, but magnificently pow- 
erful work which they are constantly performing for 
us 

It was once thought that plants varied within the 
so-called species but very little, and that true species 
varied. We have lately discovered that 
no two plants are ever exactly alike, each one having 
its own individuality, and that new varieties having 


heve! more 


endowments of priceless value, and even distinct new 
species, can be produced by the plant-breeder with the 
same precision that machinery for locomotion and other 
useful purposes is produced by the mechanic. 

The evolution and all the variations of plants are 
simply the means which they employ in adjusting them- 


selves to external conditions. Each plant strives to 
adapt itself to environment with as little demand 
upon its forces as possible, and still keep up in the 


race. The best-endowed species and individuals win 
the prize, and by variation as well as persistence. The 
constantly varying external to which all life 
is everywhere subjected demand that the inherent in- 
ternal force shall always be ready to adapt itself or 
perish. 


forces 


The combination and interaction of these innumer- 
able forces embraced in heredity and environment, 


have given us all our bewildering species and varieties, 
hone of which ever did or ever will remain constant, 
for the inherent life-force must be pliable or outside 
forces will sooner or later extinguish it. Thus adapta- 
bility, as well as perseverance, is one of the prime 
Virtues in plant as in human life. 

Plant breeding is the intelligent application of the 
forces of the human mind in guiding the inherent life- 
forces into useful directions by crossing to make pertur- 
bations or yariations and new combinations of these 
forces, and by radically changing environments, both of 
Which produee somewhat similar results, thus giving 
& broader field for selection, which again is simply the 





BY LUTHER BURBAN i. 


persistent application of mental force to guide and fix 
the perturbed life-forces in the desired channels. 
Plant-breeding is in its earliest infancy. Its possi- 
bilities, and even its fundamental principles, are un- 
derstood but by few; in the past it has been mostly 
dabbling with tremendous forces, which have been only 
partially appreciated, and it has yet to approach the 
precision which we expect in the handling of steam 
or electricity, and notwithstanding the occasional sneers 
of the ignorant, these silent forces embodied in plant- 
life have yet a part to play in the regeneration of the 
which by comparison will dwarf into insignifi- 
the services which steam and electricity have 
so far given. Even unconscious or half-conscious plant- 
breeding has one of the in the 
elevation of the race. The chemist, the mechanic, have 
so to speak, domesticated some of the forces of Na- 
ture, the plant-breeder is now learning to guide 
even the creative forces into new and useful channels. 
This knowledge is a 


race 
cance 
forces 


been greatest 


but 


most priceless legacy, making 
clear the way for some of the greatest benefits which 
man has ever received from any source by the study 
of nature. 

The main object of crossing genera, species or var- 
icties is to combine various individual tendencies, thus 
producing a state of perturbation or partial antagonism 
by which these tendencies are, in later generations, dis- 
recombined in new which 
wider field but this 
opens a much more difficult one—the selection and fix- 
ing of the desired new types from the mass of hetero- 


sociated and proportions, 


gives the breeder a for selection; 





geneous tendencies produced, for by crossing bad traits 
as well as good are always brought forth. The results 
now secured by the breeder will be in proportion to the 
accuracy and intensity of selection, and the length of 
time they are applied. By these the best of 
fruits, grains, and flowers capable of still 
further improvement in ways which to the thoughtless 
often seem 


means 
nuts are 


unnecessary, irrelevant, or impossible. 
When we capture and domesticate the various plants, 

the life-forces from many of the hard- 

ships of an unprotected wild condition, and have more 


leisure, so to speak, or, 


are relieved 
in other words, more surplus 
guided by the man under the 
new environments into all the useful and beautiful new 
forms which are constantly appearing under cultiva- 


force, to be hand of 


tion, crossing and selection. Some plants are very 
much more pliable than others, as the breeder soon 
learns. Plants having numerous representatives in 


various parts of the earth generally possess this adapt- 
ability in a much higher degree than the monotypic 
species, for having been subjected to great variations 
of soil, climate, and other influences, their continued 
existence has been secured only by the inherent habits 
which adaptation demanded, while the monotypic spe- 
not being able to fit themselves for their 
roundings without a radically expensive change, 
continued to only special 
Thus important 
cured to the breeder who selects from the genera hav- 
ing numerous species—the advantage of natural pliabil- 
ity, and in the 
combination for 


cies sur- 
too 
under certain 


have exist 


conditions. two advantages are se- 


humerous species to work upon by 
still further variations. 

The plant-breeder before making combinations should 
with great care select the individual plants which seem 
best adapted to his purpose, as by this course many 
years of experiment and much will 
be avoided. The differences in the individuals which 
the plant-breeder has to 
extremely slight. The ordinary unpractised person can- 
not by any possibility discover the exceedingly minute 


needless expense 


work upon are sometimes 


variations in form, size, color, fragrance, precocity and 
a thousand other characters which the practised breed- 
er perceives by a lightning-like glance. The work is 
not easy, requiring an exceedingly keen perception 
of minute differences, great practice, and extreme care 
in treating the organisms operated upon, and even with 
all the naturally acquired variations added to those se- 
cured by scientific crossing and numerous other means 
the careful accumulation of slight individual differences 


through ™erv eeneratinne ic imnerative after which 
several eces- 
sary tc rac- 
tical pr 
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and the web, but it is the chemical engineer who 
gives the steel that composition which secures safety 
to the traveling public. If the rail is not properly 
proportioned physically it will fail, anl likewise if 
the chemical proportions are incorrect. 


DIN G. 


IPLES. 


The above applies to annuals, or those plants gener- 
ally reproduced by seed. The breeder of plants which 
can be reproduced by division has great advantage, for 
any valuable individual variation can be multiplied to 
any extent desired without the extreme care necessary 
in fixing by linear breeding the one which 
reproduced by seed. But even in breeding perennials 
the first deviations from the original form are often 
almost unappreciable to the perception, acecu- 
mulating the most minute differences through many 
generations, the deviation from the original form is 
often astounding. Thus by and intelligent 
breeding any peculiarity may be made permanent, and 
valid new species are at times produced by the art 
of the breeder, and there is no known limit to the 
provement of plants by breeding, 
lection. 

The plant-breeder is an explorer into the infinite. 
will have “No time to make 
the brain, must be clear and 
fossil rapidly 
throbbing thought followed by action. Then, and not 
till then, shall he create marvels of beauty and value 


must be 


but by 


careful 


im- 


education, and se- 


He 


money,” and his castle, 


alert in throwing aside 


ideas and replacing them with living, 


in new materialized foree, for 


thing of value must be produced by the intelligent ap- 


expressions of every- 


plication of the forces of Nature which are always 
awaiting our commands. 
The vast possibilities of plant-breeding can hardly 


be estimated. It would not be difficult for one man to 
breed a new rye, wheat, bar'ey, oats, or rice which 
would produce one grain more to each head, or a 


which would produce an extra kernel to each 


another 


corn 


ear, each plant, or an apple, plum, 
orange or nut to each tree. 

What the 
the United States alone the inexhaustible forces of na 


ture would produce annually, without effort and with- 


potato to 


would be result? In five staples only in 


out cost, 5,200,000 extra bushels of corn, 15,000,000 ex- 
tra bushels of wheat, 20,000,000 extra bushels of oats, 
1,500,000 extra bushels of barley, 21,000,000 extra bush- 
els of potatoes. 

But these vast possibilities are not alone for one 
vear, or for our own time or race, but are beneficent 


legacies for every man, woman, and child who shall in- 
habit the earth. 
and refining influences and moral value of flowers with 


And who can estimate the elevating 


all their graceful forms and bewitching shades and 


combinations of colors and exquisitely varied perfume 
These silent influences are felt 
by those who do not appreciate them consciously, 


unconsciously even 
and 
thus with better and still better nuts, grains, 
and flowers will the 


thoughts turned from the base, destructive forces into 


fruits, 


earth be transformed, man’s 


the nobler, productive ones which will lift him to 
higher planes of action toward that happy day when 
man shall offer his brother man, not bullets and 
bayonets, but richer grains, better fruits, and fairer 


flowers. 
Cultivation and 
work temporarily, 
brought better 
always in all places and for all time. Plants 
be produced which will perform their appointed work 
better, quicker, and with the utmost 
better grains, 
new forms, 


care may 
but by 


help plants to do better 
breeding, may be 


which 


plants 


into existence will do work 


are to 


precision 
fruits, and 
flavors, 
and with 
eliminated, and 
power to resist sun, wind, rain, frost, and destructive 


Science 
tables, all in 
with more 
injurious anu 


sees nuts, vege- 


sizes, colors, and 


nutrients and less waste, every 
poisonous quality with 


fungus and insect fruits without stones, seeds, 


or spines; 


pests; 
better fiber, coffee, tea, spice, rubber, oil 
paper, and timber trees, and sugar, starch, color, and 
perfume plants. 
more, are within the reach of the most ordinary skill 
in plant breeding.—Overland Monthly 


Every one of these, and ten thousand 


An extraordinary outburst on the sun was observed 
by Dr. Rambaut, director of the Radcliffe Observatory 
at Oxford, last Friday. About 10:45 o'clock an 
immense flame shot out, and growing at the rate of 
10,000 miles per minute, by 12:10 had reached a height 
of 325,000 miles above the sun's surface. The flame 
then broke up into fragments, and except for a mere 
stump had disappeared by 12:15, 
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THE WEBSTER RUIN IN SOUTHERN RHODESIA. 


INTERESTING ARCHAOLOGICAL RELICS. 


Tue ruin here described is situated in the M’Shan- pounds weight; without mortar, and with irregular building on top, and inside the walls of the second 
gaan country, about 25 miles south of Melsetter Town- courses and small attempt at bonding. The fall back tier, has been filled in with earth. Many rough hard. 


ship, which is distant some 85 miles from Umtali, on this side to the second tier is about 7 feet, and wood planks measuring 8 feet by 13 inches by 3 


Southern Rhodesia It adjoins the farm of Mr. W. from its wall the “curl” rises level on the northwest inches are lying in this earth. They may have served 
Webster, after whom it is named side, resembling a small tower or cone. as a sort of platform across the earth; they have ovaj 
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a, Shaft of iron arrow head; b, iron arrow head ; ¢, shaft of iron arrow 
head. One-half natural size 











Fig. 1.—PIRCE OF NANKIN CHINA BOWL. 


1. Outside ; b, inside. Two-thirds natural size a ba —<—$———— 

















Fie, 2.—PIECE OF CLOUDY GLASS. EXACT 
SIZE. 








Fia. 7. 


. 
° a = a, Piece of iron nearly 6 mm. thick, much corroded ; b, iron spear head ; 


¢, portion of iron arrow head ; iron bangle, much corroded. 
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ee 
Fie. 3.—FRAGMENT OF} Fie. 4. Fig. 6. 
NANKIN CHINA. EXACT SIZE. a, b, ce, d, Tron arrow heads ; e, iron ax head ; iron bangle. One-half natural size a, Portion of hoe ; b, iron spear head. One-half natural size. 
The ruin is nearly circular, there being a defect on On the southwest side the height of the lower tier holes cut along their sides, and the remains of iron 
the northwest side, where also is a rounded entrance is about 9 feet, with a 9-foot fall back to the second hasps are imbedded in them. 
It is built in two tiers, the second tier rounding off tier, the height of which on this side is 4 feet 3 inches. Close against the entrance and directly in front of 
on top in a “curl,” which rises about a meter above Very little of the original wall of the lower tier is to it stand two monoliths. The larger one, of slate, is 
it, just to the northeast of where the entrance or pas be seen; in fact, except on the northwest side, the about 8 feet high by 16 inches wide and 4 inches 
sage comes out fig trees have practically destroyed the construction. thick; the smaller one is about half the height. 
The ruin is in very bad repair, largely owing to The entrance is about 40 inches wide, with large About 7%, feet and almost due north of these mono 
two enormous wild fig trees springing from the south- flat stones for steps along its whole length of 5% yards. liths stand two others, rather smaller; and another, 
east side, and with their roots apparently right It is close to the “curl” and on the west of it. The about 5% feet high, stands 6 feet due west of the 
through the building. The diameter of the building at ‘curl’ itself is oval, with a greatest length of 8% entrance monoliths. 
its greatest width is nearly 18 yards. The height of feet. It is capped with a large flat oval stone. This About 8 yards west of the entrance is what appears 
the lower tier on the northwest side averages 6 feet, stone is about 44 feet long, 43 inches at its extreme to be a large grave, with a monolith 6 feet high at 
and is built of stones mostly flat, and averaging 30 breadth, and with’ an average thickness of about 4 its east end and a small one on the southwest side. 
“6 Abstensted fromn a pepert by Bdwasd Ml. Andvows, published tn tt inches. Its purpose does not appear ciear, but it is A large number of apparent graves are on the north 
Smithsonian Miscellaneous Collections probably intended for ornament. The center of the west and west sides of the ruin. These graves are 
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WEBSTER RUIN FROM NORTHEAST SIDE, SHOWING SECTION BEING GRAVES ON NORTHWEST SIDE OF WEBSTER RUIN, 
CUT. THE SECOND TIER AND “CURL” ARE PLAINLY VISIBLE. 
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piles of stones of various shapes and sizes, arranged 
in nearly oval form; they do not face im any particu- 
lar direction. Several other monoliths are standing 
or lying around, 

The remains of several native huts lie a short dis- 
tance from the ruin, but they must be quite recent. 

There seems to be nothing in the nature of a real 
debris heap. No information as to the nature of the 
ruin can be gleaned from the natives, though they 


appear to regard it with some reverence. Natives, 


piece only of decorated pottery was found, with the 
cord pattern on it. Large bones and teeth were scat- 
tered through the rubble, and two “fuba” game stones 
and one grain-crushing stone were also found. 

The cut was continued right into the “curl.” Here 
the cap was removed, disclosing rubble, and work was 
rontinued downward with interesting results. About 
a yard down fragments comprising nearly half of a 
very fine earthenware or porcelain bowl were found. 
This bowl must have been about 9 inches in diameter 








ENTRANCE TO WEBSTER RUIN, 
SECOND TIER WITH “CURL” IS 


however, 
their own recollection. 

Investigation of the ruin was commenced by 
ing shaft through the earth in the center of the 
upper tier. It was thought that if there were an 
underground chamber, a central shaft would be likely 
to strike it, besides doing but slight damage to the 
ruin, and with a minimum of time and labor. At a 


appear to know nothing of the past beyond 


sink- 


depth of a foot quantities of common native pottery 
sherds, undecorated, were uncovered, also an iron 
spear head and shaft, and an iron arrow head. About 


6 feet below the surface rubble was struck; this rubble 
much resembles the rubble foundations found in the 
majority of Rhodesian When the shaft had 
been sunk for 4 yards, work on it was abandoned; it 
did not yield tangible results, and the caving in of 
rubble made work difficult. A cut was therefore made 
badly 


ruins. 


from the northeast Side, where the wall was 
delapidated, through to the shaft. On working away 
the stones which had fallen from the second tier, it 
was found that though the outer walls had at least 
some attention paid to the building of them, the inside 
was composed of rubble thrown in with earth to fill 
Two yards inside the second tier two 
monoliths were found firmly imbedded in the ground, 
and each sloping to the northwest at an angle of 45 
deg. They were 40 inches apart, and apparently had 
been placed as supports. At. this point sherds of 
common household pottery were found, and also two 
pieces of glass. The first fragment of green 
glass, about 2 inches square, and looked like a frag- 
ment of a bowl. The second was a thin piece of glass, 


was a 


about 4% by 2% inches, with a thin coating of what 
is apparently silver on both sides; but from the differ- 
ent hues the glass had probably been colored. 


One 











WEBSTER RUIN FROM THE WEST. 


WITH MONOLITHS. 


SEEN ON 


THE FIG TRELs«. 
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thick green glass, evidently a portion of the mouth of 
a large bottle. 

It is curious that 
human 
lopes and pottery 


throughout the excavations no 


skeletons were found. Bones of large ante- 
sherds were everywhere abundant, 
Under the circumstances 
is it possible that cremation was in vogue among these 


people? 


but no sign of human bones. 


This is a possible solution to the mystery 
That the ruin is the work of a negro race admits 
of no doubt, though the general style of the building 











THE 
LEFT. - 


WEBSTER RUIN 


TOP ON 


and rather more than an inch deep. It was as nearly 
as possible terra-cotta color, about 1/5 of an inch 
thick, and enameled a bluish color inside and out. The 
enamel was very much cracked, as though 
much firing. It rather resembled “Coalport” ware. 
Almost in the fragment of a 
Nankin (Fig. 1). This 
bowl must have stood 414 inches high, with a diameter 
of 714% or 8 inches. It 


from too 
same place a fine 
china bowl was unearthed 
was beautifully marked, the 
color very fine, and the glaze perfect. 
of green 


Another piece 
glass and one of colored glass were found 
with it. Fig. 2 shows the exact size of this colored 
glass; the silvery coloring on it raises the question as 
to whether it may have been part of a sacred lamp. 

Further research revealed nothing of note except 
another fragment of Nankin china, probably a portion 
of a plate (see Fig. 3). Many common potsherds were 
unearthed, and several iron implements. 

No skeletons were found in the ruin, and search 
monoliths proved equally unproductive. 
And yet what other object than burial could the build- 
ers have had in view, in piling heaps of stones and 
placing monoliths about them?. It is true that the 


M’Shangaan of to-day do not their graves as 


around the 


make 
these are made—if they really are graves. 
their dead in a 


They bury 
recumbent position, apparently with- 
out regard as to whether the body faces east or west, 
and around the actual grave place one thin line or 
circle of stones. 

Search was made among the supposed graves ad- 
to the ruins. In all, fourteen of these were 
opened, and always with the same results—sherds of 
very common pottery and antelope only. In 
only one instance were any other articles found; these 


jacent 
bones 


consisted of a pottery spindle whorl and a piece of 








AND MONOLITHS 





FROM THE WEST. 


differs from other Rhodesfan ruin The presence of 
Nankin china among the rubble walls conclusively 
proves that it cannot be earlier than the very end of 


the sixteenth, and more probably early seventeenth 


century. The green glass appears to be the same as 
the Portuguese use at the present day in making the 
The work of the builders 


demijohns for their wine 


is very poor, and were it not for the outer walls one 
would say without hesitation that the ordinary Rhode- 
sian native would on the whole make 


The absence of debris heaps seems to prove that the 


a better job. 
ruin could not have been an ordinary dwelling place, 


and though there are the remains of a few native 


huts about, they are quite recent 
It was stated by one of the British South African 
police stationed at Chapinga, who was asked to make 
would 

fort. 
there seems to be 


a report on the place before the government 


grant leave to excavate, that the ruin was a 
This appears to be quite erroneous; 
no evidence that the building was ever intended for 
defense, and neither its construction nor us situation 
coincides with such a theory 

building; the 


liths, which are placed as it were to guard the same 


The exceptional style of the mono- 


from the northeast and the southwest; and the fact 
that the adjacent graves are found only within these 
same points of the compass, go to show very strongly 
that the 


remained a sacred inclosure, the 


building was originally built for, and has 
main or central por- 
tion probably having been a 


Figs. 4 and 5 show iron implements, unearthed from 


temple 


are sim- 


the debris within the ruin,and Figs. 6 and 


ilar implements turned up in the immediate vicinity 


The fragments of iron were partially rusted away, for 


the earth in which they were found is seldom dry 
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THE CHEMICAL ACTION OF RADIUM EMANATION ON COPPER AND LEAD AND ON WATER 


BY ALEXANDER THOMAS CAMERON, M.A,, B.SC., AND SIR WILLIAM RAMSAY, K.C.B., F.R.S. 


with Nitrate.;—During the ex- 
periment, the greatest care was taken to avoid the in- 
The vessels used, 


Experiment Copper 
possible iiapurity. 
exception of the original bulb and of a glass 
platinum and silica. Only gaseous 
were used in the whole work, up to obtain- 


troduction of any 
with 
pipette, were of 
reagents 
ing the residue of alkali 

The source of the copper was “pure” laboratory cop- 
dissolved in distilled water, of 


per sulphate; it was 


which 20 cubic centimeters gave a total unweighable 
residue This solution was electrolyzed, the current 
used being 1 ampere, and the E.M.F. 3 volts, and it 


was deposited on a fotating cathode of smooth plati- 
num. After two and a half hours, the copper coating 
was washed several times with the purest water. 
Pure redistilled for the 
copper; the residue frem 50 cubic centimeters weighed 
0.4 milligramme. About half the copper was dissolved; 
the solution was evaporated to dryness in a platinum 
basin a water bath, and the residue was heated 
for two hours longer to expel the last traces of nitric 
acid. This copper nitrate was dissolved in pure water 
and filtered into two glass bulbs, newly made from the 
One was exhausted and sealed 


nitric acid was the solvent 


over 


same piece of tubing 
(1): emanation which had collected for ten days was 
introduced on April 29 into the other bulb (IT); 
emanation was again added on May 4, 9 and 14. The 
bulb was then sealed off. The total quantity of emana- 
tion introduced was approximately 1.62 cubic milli- 
meters 

After the first day, a slight cloudiness appeared in 
bulb II, whereas the contents of I were perfectly 
transparent. On the second cay, the liquid in II was 
distinctly while the copper nitrate in I, natu- 
rally, clear blue. The green color did not 
become more intense. 

The from the emanation was collected 
as “copper gas." The method was: to freeze with 
liquid air the contents of the bulb, then to open the 
tap to the pump, and to evacuate the bulb; this yielded 
the “copper gas." Emanation with some hydrogen was 
then introduced into the bulb; the hydrogen was then 
pumped out, and examined subsequently. It may be 
stated that gas was used as a source of 
helium; it is that, when freshly 
some neon lines were present, but this is not certain. 

Both were finally opened on June 10; from 
the untreated bulb nothing could be pumped off, as 
might have been supposed. 
some knowledge of the action of 
the emanation on alone, a similar bulb was 
charged with pure distilled water, and emanation was 
May 22 and 29, and on June 


green, 
remained 


residual gas 


here this 


possible prepared, 


bulbs 


In order to gain 


glass 


introduced on 7 and 11; 
in all, 1.44 millimeters were added. The bulb 
Was opened on June 29. The liquid contents of the 
bulbs are left for after consideration; the gaseous con- 
tents alone will be now treated of. 

of the Products —A curious 
circumstance transpired. On pumping out the 
gaseous contents of the bulb containing copper nitrate 
(the for the last time, it was naturally 
collected ina the into which it had 
ously been introduced; but the copper solution was not 
liquid air, in order that all gases might 
and not merely those volatile at the lower 
red fumes were observed; 
the explanation evidently is that the nitric oxide, to 
which the nitrate ion had been reduced, had been 
frozen during the former extractions of gas, and had 
accumulated in the bulb. It is known that nitric oxide 
forms unstable combinations with copper salts, and 
these, at the low temperature of liquid air, must have 
remained This mixture of gases was 
then well shaken with mercury, in order to absorb the 
and the analysis of the residual gas 
was carried out. The deposit of mercurous nitrate was 
then treated with concentrated sulphuric acid, and the 
nitric this manner, the 
analysis of the gaseous mixture was rendered complete. 
The inactive gases were separated and examined. 


cubic 


Investigation Gaseous 


now 


‘copper gas’’) 


same tube previ- 


frozen with 
be removed 


temperature On mixing, 


undissociated 


nitric peroxide 


oxide was thus liberated. In 





From copper From From 
nitrate solution, “treated” “treated” 
“treated.” water. lead nitrate. 
Nitric oxide, NO 1.12 ¢.e¢ 
Nitrogen, Ng ain 0.34 “ 0.307 e.c. 0.032 ¢.c. 
Carbon dioxide, CO. ky a 0.065 “ 9.009 “ 
Carbon monoxide, CO.. 0.030 “ am 
Hydrogen, BS aeoeeees 0.44 1.746 “ 0.184 “ 
Oxygen, Og. .cesccecees 1.12 1.562 “ 0.700 “ 
3.29 “ 5.710 “ 0.925 “ 





* Abstract of a memoir submitted to the Chemical Society 
(London ) 


¢+'To save space, the fourth experiment is alone given. 





From the residue of nitrogen from the gas evolved 
by the emanation by its action on copper nitrate, the 
residual nitrogen was removed by sparking with oxy- 
gen over sodium hydroxide. The excess of oxygen 
was also removed. The spectrum was that of pure 
argon; no helium or neon line could be observed. It 
must be noticed, however, that two red lines, of ap- 
proximate wave-length 6,739 and 6,670, were observed, 
which were not present in the argon spectrum used for 
comparison. Now, it is possible that air might have 
leaked in through the stopcocks, for the emanation was 
introduced: during a period of fifteen days, and the 
bulb was then sealed off. But if the argon had been 
derived from the atmosphere alone, helium should still 
have been visible in the spectrum if it had been 
derived from the emanation; reckoning the nitrogen 
as entirely atmospheric, the corresponding amount of 
argon would have been approximately three cubic milli- 
meters, and we know from cxperiments on the emana- 
tion above that from 1,62 cubic millimeters of the ema- 
nation, the volume of helium to be expected should 
have been about 5 cubic millimeters, a quantity easily 
visible in the presence of so little argon. We regard 
it as more probable that there was no leakage, and 
that the nitrogen was derived from the copper nitrate. 
This point, however, cannot be regarded 
until further experiments have been made, in which 
the possibility of leakage of air into the apparatus is 
completely excluded. 

The gas from the water, treated with emanation, 
was examined by the help of cooled charcoal. The un- 
condensable gas, forced up into the small vacuum tube, 
gave a brilliant neon spectrum in which the helium 
spectrum was faintly visible. A comparison was made 
with a vacuum tube containing atmospheric neon, and 
every line of neon was identified in the gas from the 
“treated” water. With a helium tube for comparison, 
it could be seen that the yellow and green helium lines 
of wave-lengths 6,677, 5,876, and 5,016 were present, 
but the other lines of helium were too faint to be 
visible. There were also other lines present, of which 
the approximate wave-lengths are: 


as settled 






Red 6242 strong 
3 feeble 
6149 . 
Yellow 6018 


5912 - 


Yellow-green 5828 very feeble 
- 5S06 ain 





Green 545 (Ig = 5461) 


(H, = 4861) 





As the gas from the lead nitrate was the product of 
only one dose of emanation, it was not thought worth 
while to examine the inactive residue. That must be 
left for further experiment. 

Investigation of the Copper Nitrate.—Parallel ex- 
periments were carried out with the “treated” nitrate, 
and with a sample of the same solution, filtered into a 
bulb of similar glass, which was pumped empty and 
allowed to stand for the same length of time as the 
bulb containing the nitrate plus emanation. These 
will be termed I. and II. respectively. 

I. contained a greenish-white deposit; II. was quite 
transparent. The mixed solid and liquid from I. were 
transferred to a weighed silica tube, which was con- 
structed for centrifugalization, and centrifugalized. 
The liquid was poured into a platinum crucible. The 
solid was twice washed with pure water* and the 
washings were added to the contents of the crucible. 
The residue, dried at 130 deg., weighed 4.11 milli- 
grammes. This residue was dissolved in nitric acid, 
distilled directly from a glass flask through a platinum 
tube sealed into the flask; it gave a blue solution. The 
nitric acid, thus prepared, ga”e no perceptible residue 
on evaporation. The acid solution was diluted with 
distilled water, and hydrogen sulphide, which had been 
allowed to stand for some hours in the Kipp’s appa- 
ratus, was passed in through a platinum tube. A black 
precipitate was produced, which, with the liquor, was 
added to that obtained from the rest of the copper 
nitrate. 

The liquid from the greenish-white precipitate, which 
was mainly a basic nitrate of copper, was also treated 
with hydrogen sulphide, using the same precautions 
as before. The precipitate of sulphides was separated 
by centrifugalism in a silica tube, but a new glass 





* This water, which had also been used in the preparation 
of the copper nitrate and for treatment with emanation, was 
prepared as follows:—Ordinary distilled water was _ redis- 
tilled, using a tin condenser, into a Jena-glass flask. It was 
then frozen, being violently shaken in the shaking machine. 
Half the ice was allowed*to melt and drain away, and the 
residue, when liquid, was stored in steamed-out Jena flasks. 
Previous to the copper nitrate analysis, 20 c.c. of this water 
gave a just visible total residue, absolutely unweighable, and 
invisible after ignition. The resiaue on evaporation, after 
the water had stood during the time required for the analysis, 
was perhaps perceptibly greater, but was still quite negligible. 





pipette was used to transfer the supernatant liquid 
to a platinum capsule. The process was repeated sg 
as to insure the separation of all sulphide. 

The filtrate was evaporated nearly to dryness on a 
water bath, and finally dried over a flame. The regi. 
due was dissolved in four drops of water, and trans 
ferred to a smaller capsule. Four drops and five crops 
of the purest redistilled water were successively used 
as wash water; the solution was evaporated over q 
small glass water bath, and finally dried at 130 deg 
The capsule ‘+ \s transferred while still hot to a glass 
weighing dish. The weight of the residue was 1.67 
milligrammes. Its spectrum consisted of sodium ( very 
strong) and calcium (present, but weak), and the 
lithium red line was identified and compared with the 
spectrum of lithium chloride. The position of the line 
was undoubted. A mixture and lithium 
chlorides was made, so as to be able to estimate ap 
proximately the percentage of lithium present. When 
the lithium was present in such amount that it formed 
0.01 per cent of the sodium, the intensity of the 
lithium red line was comparable with that of the resi- 
The total quantity of 
milli- 


of sodium 


due from the copper nitrate. 
lithium therefore may be estimated as 0.00017 
gramme. 
II. The treated in 
0.79 


exictly 
milli- 
( very 


blank experiment was 
the same manner. The 
gramme. The spectrum that of 
strong) and calcium (feeble): no trace of the lithium 
line could be observed. This was again repeated with 
identical results. 

I. The copper sulphide was heated in a clean glass 
beaker with pure distilled hydrochloric acid. Ag 
there was now no necessity to exclude alkalis, ordi- 
nary distilled water and glass vessels were used. The 
precipitate dissolved, leaving a small residue of sul- 
phur. The liquid was filtered into an Erlenmeyer flask, 
and ammonia was blown in until the cupric hydroxide, 
precipitated at first, had redissolved. Crystals of hyd- 
roxylamine hydrochloride were then added, and the 
solution was warmed; when it had become quite color. 
less, acetylene was passed in for some minutes. The 
cuprous acetylene was filtered off, and the process was 
repeated; the solution gave no further precipitate, even 
after standing over night. The filtrate from the acety- 
lide gave no precipitate with hydrogen sulphide, but, 
ou acidifying with hydrochloric acid, a faint precipitate 
was produced, consisting largely of sulphur. This 
residue was digested with aqua regia; the solution 
gave no blue coloration with ammonia; it was evapo 
rated to dryness, dissolved in hydrochloric acid, evapo 
rated, and taken up with a drop of water. It gave a 
minute, black precipitate with hydrogen sulphide, too 
small for further investigation. 

The copper acetylide was transformed into sulphate 
and weighed as such. The weight corresponded to 
0815 gramme of Cu(NO,)., which was therefore the 
amount treated with emanation. 

II. The blank experiment was treated in an exactly 
similar manner; the only difference was that in this 
case no trace of a black precipitate could be produced 
in the filtrate from the copper acetylide. The weight 
of nitrate taken was 0.968 gramme of Cu(NO,).. The 
black precipitate, if tt is possible to produce it in 
greater amount, deserves investigation. 

Investigation of the Lead Nitrate—Here again 4 
duplicate, untreated sample was examined along with 
the sample which had been exposed to the action of the 
emanation. As before, the treated sample will be 
termed I., and the untreated sample IT. 

I. The treated sample was transferred to a plati- 
num crucible, the glass bulb was twice washed out 
with the purest distilled water;* dilute sulphuric acid 
produced in the laboratory by the contact process, and 
uncontaminated by alkali, was added, until no further 
precipitate fell. The precipitate was separated by cen 
trifugalization in a silica tube, and the sulphate resi- 
due was transferred to a glass beaker. 

The liquid was transferred to a platinum capsule, 
and evaporated to dryness to remove sulphuric acid; 
water was added, and hydrochloric acid was then dis- 
tilled in, in the state of gas. Hydrogen sulphide was 
then passed in, and the black precipitate of sulphide 
was centrifugalized. The liquid was decanted into 4 
platinum capsule, and evaporated to dryness on a water 
bath. “ater was again added, hydrochloric acid again 
distilled in, and then ammonia was blown through the 
solution. There was a very slight reddish-brown pre 


residue weighed 


was sodium 


* The wash-bottle was wholly of glass: no grease was used, 


and the flask was thoroughly steamed out before the specially” 


pure distilled water was introduced. 
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This was re- 


cipitate, resembling ferric hydroxide. 
moved centrifugally in silica, and the solution was 
poured into a platinum capsule. This liquid was evapo- 
rated, and heated to volatilize ammonium salts. The 
residue weighed 0.45 milligramme, but some had previ- 
ously been removed for spectroscopic testing; the origi- 
nal weight was probably about 0.6 or 0.8 milligramme. 
The spectrum was that of sodium only; no calcium or 
lithium was visible. 

The reddish-brown precipitate gave the reactions of 
iron. 

Il. The blank experiment gave precisely similar re- 
sults so far. 

I. The precipitate of lead sulphate was dissolved in 
sodium hydroxide prepared from sodium with alcohol. 
(Iron was present as an impurity in this sodium hyd- 
roxide.) There remained a very small insoluble resi- 
due, distinct from the flocky precipitate of ferric hyd- 
roxide; the latter dissolved in hydrochloric acid, but 
scme grains of a black powder remained. This was not 
observed in II.; the ferric hydroxide dissolved com- 
pletel) and at once. 


I. The precipitate of lead sulphide, obtained by 
passing hydrogen sulphide through the liquid from 
which ithe sulphate had been separated centrifugally, 
was dissolved by saturating the liquid with hydrogen 
ehlorid: and heating. There remained a residue of six- 
sided, colorless tables, and some reddish-yellow grains. 
The whole liquid was evaporated to dryness, when lead 
chlorid: separated. Alcohol was added, and the lead 
chloride was separated centrifugally. The alcohol was 
evaporated in a silica capsule over a water bath. The 
residue of white crystals still was seen, and also a 
yellow powder similar to that already described. Ex- 
periments made with the blank, II., gave no crystals 
and no yellow grains. 

The residues, both from the copper and from the 
lead, a unfortunately so small that their investiga- 
tion is exceedingly difficult. It is our intention to 
try to produce them in larger amount by using larger 
quantities of emanation and by employing a silica 
bulb. The latter is already in operation, and by its 
means the objections naturally attaching to glass bulbs 
will be removed. These experiments must be consid- 
ered as preliminary. It is necessary first to find out 
where to search for the unknown before proper experi- 
ments can be made. 

Eranination of the Water Treated with Emana- 
tion— After exposure to the action of 1.422 cubic milli- 


meters of emanation, the water, after gases had been 
removed, was shaken in the bulb with freshly dis- 
tilled, pure ether. The ether was tested for hydrogen 
peroxide with titanium sulphate, and a yellow color 
showed its presence in small amount. This contra- 
dicts the observation previously made, when the water 
was allowed to evaporate into phosphorus pentoxide, 
and gave no gas; it might have been supposed that 
hydrogen peroxide would have been decomposed during 
suh evaporation. It is possible, however, that it ‘s 
absorbed by phosphorus pentoxide when its vapor 
slowly comes in contact with the anhydride. 

The remaining water was evaporated to dryness in a 
Platinum capsule; the residue was somewhat deliques- 
cent; it weighed 0.71 milligramme. The residue gave 
the spectrum of sodium (strong) and potassium (very 
faint), but no lithium. 

It is to be inferred that the alkali residue, obtained 
from the blank copper and lead experiments and from 
the glass, all having approximately the same weight, 
is derived from the glass bulb. The greater weight 
of the residue of alkali salt from the treated copper 
nitrate may be noted. It can hardly be fortuitous, but 
some experiments with the silica bulb will show 
whether this excess is real and not a chance occur- 
Tence. 

Discussion of Results —The radium emanation, dur- 
ing its spontaneous change, parts with an enormous 
amount of energy. It has been suggested that this 
energy is due to the explosive emission of “a-particles,” 
Which may conceivably be identical with helium. 
Whether this Jast supposition be just or not, these 
particles may certainly be regarded as small masses of 
Molecular dimensions moving with a very high velo- 
city. It may be taken that, since the emanation pre- 
Sents a strong resemblance to the inactive gases of the 
argon series in the character of its spectrum, and in 
its indifference to chemical reagents, it belongs in all 
Probability to that series, and we have already sug- 
ested that its atomic weight may be approximately 
216.5. When left alone in an otherwise vacuous vessel, 
or when mixed with oxygen and hydrogen gases, it is 
known to yield helium as one of its products. This 
Was first shown by Ramsay and Soddy, and the obser- 
Vation has been confirmed. by Indrikson, by Debierne, 
by Giesel, by Curie and Dewar, and by Himstedt and 
Meyer. 

It now appears that when dissolved in water, it 
Yields almost exclusively neon as its gaseous educt; 
the trace of helium observed is produced, in all prob- 
Ability, from the undissolved and gaseous portion of 
he emanation. When a copper salt is simultaneously 
Tesent in solution, helium, if present at all, cannot be 
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detected, and argon is the main product, mixed pos- 
sibly with a trace of neon. It may be contended that 
the argon formed in presence of copper sulphate is 
derived from atmospheric nitrogen which may have 
leaked in through the stopcocks. It is impossible at 
this stage to disprove this possibility, but the presence 
of argon does not account for the absence of helium, 
and it is remarkable that the amount of nitrogen is 
almost exactly the same both when water and when 
copper sulphate were present, although the conditions 
weregby no means parallel. 

We suggest (1) that helium and the a-particle are 
not identical; (2) that helium results from the “degra- 
dation” of the large emanation by its 
bombardment with a-particles; (3) that this “degrada- 
tion,” when the emanation is alone or mixed with 
oxygen and hydrogen, results in the lowest member of 
the inactive series, namely, helium; (4) that if parti- 
cles of greater mass than hydrogen or oxygen are 
associated with the emanation, namely, liquid water, 
then the “degradation” of the emanation is less com- 
plete, and neon is produced; (5) that when molecules 
of still greater weight and complexity are present, 
as is the case when the emanation is dissolved in a 
solution of copper sulphate, the product of “degrada- 
tion” of the emanation is argon. We are inclined to 
believe, too, that (6) the co; per also is involved in 
this process of degradation, and is reduced to the low- 
est term of its series, namely, lithium; at 
time, inasmuch as the weight of the residue of alkali, 
produced when copper nitrate is present, is double 
that obtained from the blank experiment, or from 
water alone, the supposition is not excluded that the 
chief product of the “degradation” of copper is sodium. 
It may be argued in favor of this view that, inasmuch 
as sodium is a much commoner element than lithium, 
it may be regarded as more stable, and therefore more 
likely to be produced. 

It is to be noticed that the sodium “produced” from 
copper, if this suggestion is correct, corresponds to an 
enormously greater number of molecules than the 
helium. That is true, but it must be remembered that 
the chances of collision of a molecule of “disrupting” 
emanation with an atom of almost infi- 
nitely greater than with one of its own atoms, because 


molecule of 


the same 


copper are 


the number of copper ions in the solution is consid- 
erable. 

Experiments confirmatory of the above view, in 
which it appears that an acid solution of thorium 


nitrate continuously produces carbon dioxide, are in 
progress. The observation has been made three times, 
at intervals of six months the 
but publication of an account of these experiments will 


between observations, 


be delayed until a fourth experiment has been made 
and a corresponding blank experiment has_ been 
studied. 

It is evident that the research, of which the fore- 


going is a description, is merely a preliminary survey 
of the field to be explored, and that much work must 
be done before the tentative hypothesis which has been 
put forward can be substantiated. 


AGRICULTURAL USES OF CRUDE 
AMMONIA. 
By Emite Bovanr. 

Crupe ammonia is a waste product of the chemical 
purification of illuminating gas. The gas, on leaving 
the retorts, is partially purified by washing and cool- 
ing, but it still contains carbon dioxide, hydrogen sul- 
phide, ammonia, and cyanogen compounds. These 
impurities are removed by causing the gas to flow 
through iron tanks containing sieves on which a chemi- 
cal purifier is spread. 

The substance first employed slaked lime, 
mixed with chopped straw, sawdust, or spent tan bark 
in order to increase the porosity and the surface of 
contact with the gas. The slaked lime absorbed the 
carbon dioxide and hydrogen sulphide, but the removal 
of ammonia and cyanogen was performed very imper- 
fectly. 

For the last half century all large French gas works 
have used the Laming mixture of slaked lime, ferrous 
sulphate, and sawdust. The ferrous sulphate is first 


was 


mixed with the sawdust, in the proportion of 25 
pounds of sulphate to a cubic foot of sawdust. The 


mixture is then sprinkled with water and an excess of 
slaked lime is added. The lime and the ferrous sul- 
phate react, forming calcium sulphate and ferrous 
hydroxide. The mixture is then left exposed to the 
air, with frequent stirring, until it acquires a reddish 
brown color in consequence of the oxidation of the 
ferrous hydroxide to sesquioxide. It is now ready 
for use. 

The carbon dioxide of the illuminating gas is ab- 
sorbed by the excess of lime, the ammonia reacts with 
the calcium sulphate and forms ammonium sulphate, 
and the hydrogen sulphide reacts with the sesqui- 


oxide of »xrrous sulphide, free sulphur, 
and wa » ferrous sulphide thus pro- 
duced a sen compounds, giving rise to 
cyanide and sulphocyanates of iron. 

When become inactive its power is 
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restored by exposing it to the air. The ferrous sul- 
phide becomes oxidized to ferrous sulphate, which 
reacts with the calcium carbonate to form calcium sul- 
phate and ferrous carbonate, which, in turn, gradually 
evolves carbon dioxide and forms sesqui-oxide of iron. 

In this way the mixture is partially restored to its 
original that it 
The process can be repeated several times but not in- 
definitely, for the 
increases and the mass gradually loses porosity. 

When the mixture has unfit 
it constitutes what is known as crude ammonia. 


composition, so ean be used again. 


quantity of free sulphur steadily 


become for further use 
Crude 
and chemical 
the 
ployed, and the number of times the mixture has been 
and 


green- 


ammonia varies greatly in 
composition, according to the quality of 


appearance 


coal em- 


used for gas. It is usually a coarse 


more or less moist 


purifying 
powder of @ bluish gray or 
ish gray color, exhaling a strong odor of illuminating 
gas which, however, disappears after several months’ 
the air. It 
from 20 to 45 per cent of free sulphur, 


exposure to contains from 10 to 25 per 
cent of water, 
and much 
ammonium sulphate, free ammonia and various cyan- 
iron and of 


with a little sulphide and oxide of 


smaller and very variable quantities of 

ides, sulphocyanide and ferrocyanides of 

ammonium, iron. 
, 


The total quantity of nitrogen is 13 or 14 per cent. 
Most of this is in the form of cyanogen compounds; 
comparatively little in that of ammonia and its salts. 

About 13,000 
produced in France, and 8,000 tons are imported. 
composition of the differs 
ably from that of the domestic product, as many for- 
eign gas works the Laming mixture, 
various natural ores of iron, without the addition of 
either lime or sawdust. 

Crude ammonia is utilized in 
ammonium’ sulphate, 
and a mixture very rich 
as “precipitated sulphur” 
for mildew. 


are annually 
The 


consider- 


tons of crude ammonia 


imported article 


use, instead of 


the manufacture of 
blue, sulphur, 
in sulphur—which is known 
employed by vine 


Prussian pure 


and is 
growers as a remedy 
The greater part of the crude ammonia of the gas 


works, however, is employed directly in agriculture, 


as an insecticide, a destroyer of weeds, and a fertilizer. 
Crude ammonia is very poisonous in consequence of 


its high percentage of cyanogen compounds. For 


several years it has been successfully employed in 
combating the white grub and other insect enemies 
of the sugar beet. The application of 1,600 pounds 
of crude ammonia per acre destroys all these insect 
pests and assures good crops for several successive 
years from the same land. The application of the 
same quantity, in autumn, is an equally efficacious 


remedy for the phylloxera of the vine. 
Crude ammonia plants as well as animals. 
Applied freely to garden paths, it prevents the growth 


poisons 


of vegetation, and cultivated fields can be completely 
cleared of the 
beginning of winter. 

It might be 
monia, in spite of its richness in 


weeds by its judicious employment at 


this that crude 


nitrogen, could 


inferred from all am- 
not 
be used as a fertilizer, but numerous experiments have 
proved that this inference is not justified. 

Used as a mulch, or applied a few days before sow- 
destroyer only, and 
But if it is 
sowing, 
¢om- 


nitrogen it 


ing, crude ammonia acts as a 
kills both 
mixed with the soil at 


it has the effect of a good nitrogenous fertilizer. 


seeds and growing plants. 


least six weeks before 
pared on the basis of equal quantities of 
is generally superior to ammonium sulphate, because 
it begins by destroying insects and weeds. 


In order to understand this great difference in ef- 
fect, according as the crude ammonia is applied at 
the time of sowing or several weeks earlier, it would 
be necessary to know what chemical changes it under- 
goes in contact with the soil, air, and moisture. Very 
little is known about the changes, but the loss of 


toxic properties proves that the cyanogen compounds 
are gradually destroyed. In the laboratory the ferro- 
eyanides are very stable compounds, which appear to 
the oxidizing action of the but 
many of the changes that occur in the 


be able to resist air 
we know that 
soil are partly biological and depend on the presence 
of specific microbes, in addition to air and moisture. 
Hence it is not improbable that such 
ir the transformation of the cyanogen compounds into 
ammoniacal salts, which are subsequently converted 
into nitrates by the “nitrifying” bacteria. 

It is not yet certain, however, whether the fertiliz- 
power of crude ammonia is 
percentage of nitrogen or only to its 
of ammonia. If the former 
be the case we shall be justified in assuming that 
cyanogen is gradually transformed in the 
ammonia or into nitric acid. ‘ 

However this may be, it has been fully and practi- 
cally proved that crude ammonia is not only a very 
powerful insecticide and weed killer, but also a nitro- 
genous fertilizer of peculiar value, as when properly 
used it both destroys insects and weeds and directly 
promotes the growth of useful plants.—Translated for 
the Screntiric AMERICAN SUPPLEMENT from La Sei- 


microbes assist 


ing proportional to its 


total 
percentage 


original 
is proved to 
the 


soil into 


ence au XXme Siécle. 





96 : SCIENTIFIC AMERICAN SUPPLEMENT No. 


PHOSPHORESCENCE AT LOW 
TEMPERATURES. 

PHOSPHORESCENCE at low temperatures is the subject 
treated in J. Kowalski’s gives an 

account of these to the Académie des Sciences. 
M. H. Becquerel’s discovery concerning the change 
in the width of the spectrum phosphores- 
cence in the case of crystals of the 


experiments. He 


bands of 
earths, as 
Becquerel 
crystals at 


rare 
interesting researches of J 
upon bands of the same 
the temperature of liquid air, led the author 
out a series of experiments whose results are as fol- 
work of Bois- 
earths become fluores- 
ultra-violet light. This 
fluorescence. 


well as the 
the absorption 
to carry 
lows: We know since the Lecoq de 
baudran that solutions of rare 
under the influence of 
described the 
interest to find out 


cent 
scientist 
It seemed of 


of such 
what 


spectra 
were the 
fluorescence at 
operated 


phenomena connected with this very 


low temperatures The therefore 


rare earths at 


author 


with alcoholic solutions of nitrates of 
the temperature of liquid air by exposing them to the 
powerful source of ultra-violet light. 
that 


extinction of the 


action of a very 
The solutions became solidified at 
By observing them fust after the 
exciting light he found the following 
All the solidified 
the duration of the 
and five minutes after the extinction of the ex 
visible; (>) the line of the 
containing 


temperature. 


results: (a) 


solutions became phosphorescent 


phosphorescence was relatively 
great, 
citing source, it was still 
green for the 
erbium, that which 


arium and violet for the solution of nitrate of neody- 


phosphorescence is solution 


yellow-green for contains sam 


mium; (c) the intensity of the phosphorescence_ was 
too small for measurement of the 
Nevertheless, the phosphorescence of the solution of 


samarium 


emission spectra 


nitrate of was strong enough to allow of 
observing that its spectrum 
of very fine lines. The 
out the following facts Mr first, and 
Nichols and Merritt that 
bodies are phosphorescent at the tem- 
wished to 


is composed of a series 
second experiment brought 
Dewar at 


later on, showed 


Messrs 
many organic 
perature of liquid air 
find whether certain of these bodies dissolved in 
hol at the would not 


the phenomena of 


The experimenter 
alco- 
temperature of liquid air give 
phosphorescence which are analog- 
solutions 


observe with 


studied the 


which we 
therefore 
solutions of phenanthrene, 
solidified at the tem- 


ous to phenomena 


earths. He phosphor- 


of rare 
escence of alcoholic anthra- 
anthroquinone when 
liquid air All the solidified 
The phenanthrene gives 


cene, and 
perature of solutions 
are strongly phosphorescent 
a phosphorescence of a greenish yellow hue, the an- 
is characterized by a blue 
bright green tint. The 
was 
spectroscope He finds that 


thracene color, and the 
anthraquinone by a 
of the 


him to make use of the 


intensity 


phosphorescence strong enough to allow 


these bodies are 
composed of thin bands and fine lines. Thus 
that sharpness of the 


bands 


the phosphorescence spectra of all 
it seems 
in general the clearness and 
characteristic of the 
phorescence at low temperatures. In another 
having remarked a certain influence of the con- 
intensity of the 
detailed 


are a emission of phos- 


experi- 
ment, 


centration of the solution upon the 


phosphorescence observed, he undertook a 
study of these influences. He saturated 
temperature, and diluted it 


These six solutions of each 


started with a 
solution at the ordinary 
2 4°8, 16, and 32 times. 
cooled to the temperature of liquid air 


body were 


and exposed at the same time to the source of ultra 
light The 
studied immediately 
The most concentrated solution 
phorescent. In solidifying it opaque by the 
fact of the crystallization of the dissolved body, and 
the small intensity of the lumin- 


phosphorescence produced was 
after the extinction of the light 


feebly 


violet 
was but phos- 


became 


this can account for 
intensities of the phosphorescence of 


greatly in the series. For 


eecence. The 
the other solutions differ 
anthracene the 
with the dimin- 


anthroquinone and 
gradually 


the solution of 
phosphorescence diminishes 
ution of the concentration, but for the 
phenanthrene he 
value of phosphorescence which corresponds to a con- 
cent. The lack of a well- 
bodies can be 


solutions of 


could easily observe a maximum 


centration of about 0.2 per 
determined maxima for the tvo other 
attributed to their very slight solubility in alcohol. 

In all these experiments a lamp in 
constructed by the Heraeus firm of Germany, 
lamp when supplied with a current 
gave a lumi 
very in- 


mercury are 
quartz, 
was used. This 
of 4 amperes and a voltage of 25 volts, 
candle-power and a 
part of the spec- 


nous intensity of 800 
tense radiation in the ultra-violet 
trum. For this reason there are certain precautions 
to be taken. When working for the first time with 
the lamp he exposed his face to the ultra-violet radia- 
minutes, and at from two to three feet 
he had his eyes shielded by 
glasses. The same evening a very painful irritation 
of the skin was felt, about like that which is pro- 
duced by the action of the sun on the glaciers of high 
mountains. This irritation is caused by the ultra- 
violet light and a simple screen of glass from 0.04 to 
0.08 inch will ward off all danger. 


tion for 30 


distance, but fortunately 


ENGINEERING NOTES. 
“Alberta” and “Albany,” re- 


construction for the Montreal 
Harland & Wolff, and 


Of the two vessels 
spectively, now under 
trade of the Dominion Line by 
which are to be fitted with turbo-reciprocating en- 
gines, the “Albany” will be first to be ready. These 
vessels will. have three propellers, two driven by the 
reciprocating engines in accordance with the ordinary 
practice, and the center by the turbine. 
The wing propellers will be driven by four-crank 
triple-expansion engines balanced upon the Herland 
& Wolff principle, the steam pressure being 215 pounds 
per square inch. The high-pressure cylinder will be 
of 30-inch, the intermediate 46-inch, and the two low- 
53-inch diameter respectively, with a com- 
mon stroke of 54 inches.. The exhaust steam from the 
low-pressure cylinders will pass into the turbine, 
which will in turn drive the central propeller, the 
steam being expanded down to 2 pounds absolute be- 
fore exhaustion into the condensers, of which there 
will be two, each supplied with independent air pumps. 
For traveling astern the exhaust steam will pass di- 
rect into the condensers instead of through the low- 
turbine, thereby simplifying the system; 
while similarly for maneuvering, such as in and out 
of port, the reciprocating engines only 
The builders estimate that when traveling full speed 
at sea the reciprocating engines wiil make from 83 to 
85 revolutions, and the turbine about 230 revolutions 
The whole of the machinery is being con- 
John Brown Company, of Clydebank, 
“Lusitania.” 


twin-screw 


pressure of 


pressure 


will be used. 


per minute 
structed by the 
the builders of the 


The hydrogen of coal is discussed by F. F. Grout in 
the American Chemical Society Journal. In all bitum- 
also in black and brown lignites, the proxi- 
mate analysis and estimation of total carbon yield 
sufficient data for the calculation of an ultimate an- 
alysis in which no error would seem to be above 1 per 
and the average error would be much less than 
this. The higher errors would be in oxygen and nitro- 
gen, which are of little account from the calorific point 
pure coal, i. e., coal free 
38 per cent, with an aver- 
age error of only In a coal field of lim- 
ited area the marimum error is undoubtedly often less 
When it is possible to obtain the 
carbon more 
close calcula- 
Dulong'’s for- 


inous coal, 


cent 


of view The hydrogen of 
from ash and moisture, is 5.: 
0.16 per cent. 
than 0.51 per cent. 
proximate analysis and percentage of 
than the calorific value, a fairly 
tion of the latter may be made by aid of 
mula and the estimated ultimate analysis obtained in 
the manner As recent experimental 
work on fuels indicates that Dulong’s formula when 
used in this-way yields low results, it is proposed that 
0.17 per cent be added to the figures obtained bf cal- 
culation for the available hydrogen in the ash and 
water free coal, before calculating the calorific value 
cases where no ultimate analysis of the coal 
carried out, this estimated ultimate analysis 
gives the best foundation known for calculating the 
heat value of the fuel. The special advantage of this 
method, however, would appear to be confined to those 
cases in which the determination of the carbon is 
found to be more easily made than the direct calorific 


easily 


suggested above. 


Then, in 
can be 


test. 


Saganeb, upon the Red Sea, erect- 
French constructors, presents 
interest. It lies Port Soudan, a 


government 


The lighthouse of § 
ed not long since by 
considerable near 
harbor which the Soudanese 
to form the terminus of the Nile- 
Red Sea railroad line. This railroad, which gives con- 
rection with equatorial Africa, was commenced in 
1902, and joins the locality of Berber on the Nile, to the 
Souakim. The latter is a 
Sea which is difficult of access. 
decided to commence operations 
twenty-five miles to the north of 
seeing that there is there a 
access. In 1905 the 
of Port Soudan 
government 


town and 
established in order 


Khartoum, with 
the Red 


was 


north of 
port 
Accordingly it 
at Sheik-el-Barough, 
Souakim in a desert land, 
spacious natural harbor of easy 
work of constructing the new town 
was begun. At this time the Egyptian 
undertook to erect a lighthouse upon the reef of Sanga- 
neb, lying 13 miles to the east of the port, so as to 
allow of entering the latter at night. For the height 
of the light beam above the sea level the distance was 
fixed at 50.3 meters (165 feet) and the lighthouse was 
to be built of iron trellis work. Among the different 
plans, the government chose the one submitted by a 
combination of three French firms. The Schneider 
firm of Creusot took charge of the metallic part, the 
Guetin and Charvaut firm erecting the latter on the 
spot, while the Henry Lepauté company carried out 
the optical work of the light itself. Instead of using 
piles, it was decided to build a submerged masonry 
mass in which was imbedded an octagonal metallic 
crown serving as the base of the superstructure upon 
which the vertical beams of the tower were assembled. 
As to the optical part, it consists of four annular 
lenses which give a beam of white light every five sec- 
onds. The incandescent burner is fed by petroleum 
vapor which is injected by means of carbonic acid gas 
under pressure. A mechanism causes the rotation of 


upon 


Fesrvary 8, 19¢ 


1675. 


the above outfit once in twenty seconds. Such q 
ner is able to throw a beam to 40 miles in ord 
weather and 85 miles in clear weather. Startin 
September, 1905, the work of erecting the lighth@ 
was completed in thirteen months. 


TRADE NOTES AND FORMULA, | 

Depilating of Hides.—Thick skins are allowegy 
sweat, that is, they are rubbed on the fleshy side 
common salt or saturated with wood vinegar and, 
posed at ordinary or higher temperature to moist 
this causes a slight or more pronounced putrefag 
and the hair can then be removed with scra 
knives. Thinner skins are placed in pits, with J 
or sulphide of sodium; delicate skins are co 
with rusma, sulphate of calcium, or gas lime. Ry 
is a salve-like mixture of 1 part of orpiment (yel 
sulphide of arsenic) and 2 to 3 parts of lime. 
preparation last described is poisonous..—Bersch 

Enamel for Filling in Sunken Letters in Steel. 
parts of finely cut crystal-glass are melted tog 
with 20.5 parts of calcined soda and 12 parts of bo 
acid, then aside for use 
wanted. For several enamel the ground 
stance consists of (next to the steel) 30 parts of 
ground feldspar with 25 parts of borax melted 
gether, pulverized and mixed with 10 parts of clay, 
parts of feldspar, and 1.5 parts of carbonate of 1 
nesia. Mix with water to form a paste and ap 
Covering or top mass: 37.5 parts of crushed qu 
50 parts oxide of tin, 15 partg 
soda and 10 parts of salt-peter, mixed, finely pulve 
and melted together. The evenly distributed masg 
carefully dried and melted in the-muffle. 


= 


very 


and set 
layers, 


pulverized 


27.5 parts of borax, 


Process of Keeping Bone Permanently White.— 
ficial turquoises are made by immersion of the im 
tions made from bone in a concentrated solution 
ammonio-cupric oxide in water. After eight to fe 
teen days they are impregnated with hydrated oxi 
of copper and after rinsing in water and drying s 
the bluish-green color of the genuine turquoise. 

If, in place of the ammonio-copper oxide hyd 
dissolved in ammonia is used, and 
it will absorb ox 
of zine and be rendered permanently white. 

In order also to remove the yellowish white tint 
to add to the ammonio-zinc-oxide 
drops of an aqueous solution of 
vitriol until the former, on being shaken up, assuf 
a bluish tint. The bone, in such case, will alt 
at the same time in addition to the oxide of zing 
small quantity of blue copper hydrate, whereby § 
yellowish tint, just as in the bluing of washing; 
eliminated and the bone assumes a bluish white ¢ 
The bone can be made all ready for polishing be 
oxide. Glass or other ve 

closed are necessary so i 

The zine solution poured) 
kept in tightly-sealed vesi 
can be repeatedly used, as the bone absorbs only s i 
quantities of oxide of zinc. : 

After soaking, repeatedly 
dry by exposure to the air. In 


exide of zinc 
bone is immersed in this solution, 


is only 
lution a few 


necessary 


it is placed in the zinc 
capable of being tightly 
no ammonia can escape. 
the articles treated, if 


in cold water 

polishing, bone 
quires a very lustrous surface. The ammonioz 
oxide solution is prepared in the following mannef? 

Twenty-five parts of pure zinc-white are mixed 
40 parts of water and after a quarter of an hour 
parts of concentrated hydrochloric acid are grad 
added, cause the almost complete 
lution of the zinc white. Now add 150 parts of 
constantly stirring, caustic 
monia until the zine hydrate, at first precipitated, 
completely redissolved. An excess | 
ammonia must be avoided, which is assured if a 
surplus of zine hydrate is allowed to remain. 

To obtain the bluish-white tint, small quantities! 
cold blue vitriol solution are added, which, on b 
shaken up, make the zinc-ammonia solution bluislf 
color. 

Bone made white by this zine solution does 
change on exposure to the sun or on exclusion 
it, and is adapted for work of every description. 


wash 


which suffices to 
water and gradually, 


been almost 
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